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serial OL%9' AND PACIFIC OCEAN AREAS 
a as ED READQUARTERS OF THE COMMANDER IN CHIEF 
Fron: Commander in Chief, U. S. Pacific Fleet. 
To: Chief of Naval Operations. 
Subject: Report of Radar and Countermeasures 3oard, Forwarding of. 


References: (a) CNO Conf. Ltr. Serial 02560 dated 30 August, 1945. 
(b) Cincpac Conf. Ltr. Serial 033346 dated 5 Oct., 1945. 
(c) CNO Secret Ltr. Serial 00139625A dated 4 Cet., 1945. 


Enclosures: (A) Copy of reference (b). 
(B) Senior Mexber Radar and Countermeasures Board Conf. 
Ltr, dated 6 Nov., 1945 (Report of the Board). 


l. In accordance with reference (a), a board of officers was 
convened by reference (b) to consider matters set forth in references 
(a) and (b) and to submit a report thereon. (Enclosure (B)). 


26 This report is considered to express the consensus of 
Pacific Fleet opinion while the experiences of the recent war are still 
fresh in mind, and has the concurrence of Cincpac subject to comments 
and recommendations inserted on separate pages in the body of the re- 
port. In order to permit ready comparison, Cincpac remarks appear 
opposite related sections of the report with corresponding paragraph num- 
bers. 


Je In connection with this report, it is desired to emphasize 
the necessity for continued research, development and testing in service, 
vigorously prosecuted in an effort to provide electronic equipment for 
the Navy and other Armed Forces of the United States superior to that of 
any Other nation. Only by such continuous effort in this, as well as 
other fields, can We expect to maintain the condition of readiness Vites 
.to our National Security. 


4e It is recommended that this report with the related cou- 
ments inserted by Cincpse be used és 2 besis for planning until such tine 
as further analvsis, study, end experience cleeriy indiceie the necess>*, 
for pursuing ea different course. 


Ds Reference (c) wes considered by the board after it had sub- 
mitted its report. It is in general accord with the report of the board 


« 





Cinepae File 


QB 
7” See UNITED STATES PACIFIC FLEET 
Se MER aoa ea AND PACIFIC OCEAN AREAS 
Serial ~ mut HEADQUARTERS OF THE COMMANDER IN CHIEF 
4 3 DEC (9 5 
SECRET * d Uct 194 
Subject: Report of Kedar and Countermeasures Board, Forwarding of. 


eee i ieee ee 


and Cincpec's comments. Certain recomendations set forth in this re- 
port are not included in reference (c) and consideretion should be given 
to initiation of the necessary additional projects. Important ites on 
which research end development should continue are listed below and 
covered in more detail in the body of this report: 


(a) Continue efforts to reduce size and weight of all radar 
and associated equipment. 


(b) Continue development of airborne CIC and its supporting 
radar. 


(ec) Continue research and development on IFF equipment. 


Lo 
(d) Continue research and development on RCM equipment. 
to (Whi now 
C. H. McMORRIS 
Chief of Staff 
Copy to: (w/Eacls.) 
Con3rdFleet ComAirPac 
ComSthFleet ComSubPac 
Con7tnFleet CoaPhibsPac 
Comkeserverilesct CominFec 
CinCient (5) CanServrac 
CanbetRonTnO CorTreComdbac : a 
ConCru-Desrac CKO (100 copies for distribution within the havy 
Depertment and shore establishments es de~- 
sired. 








he. UNITED STATES FLEST 
Headquerters of the Comnander in Chief 
FF1/ALL hAVS DEPARTMENT 


Veshington aa D.C @ 
Serial 02560 
30 August 1945 


t CONFIDENTIAL 
Fron: Comasndar ain Chief, United States Fleet 
; and Chief of Naval Cperations. 
fs oe cone er in Chief, U. S. Pacific Fleet. 
Subject: Reports on and Evaluation of Specific Subjects 
as the zesult of War Experiences. 
1. During ¥orld var he Pacific Fleet rendered 


iT th 
~aluable services through its a ccaamsicen cn gunnery matters, equip~ 
ment, radar, ship types, end all forms of endeavor which resulted in tlie 
Gereat of the Jépenese.. 


ae In orcer that the 8 may profit from the knowledge 
gained through the use of the tools of war supplied the Fleet, it is 
y essential that tnis knowledge be reeerded for , ebudy and eveluation. This 
_— information will be the basis fer postwer procurement, development and 
firm procedures in the use of the material which is now in operation. 
Therefore, it is desired that evaluated reports be submitted on the 
following subjects: a: 
(a) Ammunition, including bombs and fuzes. Torpedoes. 
(b) Redar including countermeesures. * 
(c) Ships and aircraft types including landins craft. 
(d) Redio ecuipnent. 
(e) Fire control end armament grouping. 
ae Under the epplicable subjects listed in paregraph 
two, the follevwing shoulé be considered in the report: 
(a} Does the materiel under discussion properly serve the 
purpose fer which it wes designed? 
{2} Are there recommendations for 
(1) Changes and new types? 
(2) Kew recuirements end new cheractecistics? 
— svcengcerc insteltiaiions? 
iL, ottences in eqpipmes eng exmmereni? 
is} whenges in present ship types, aircraly types, sae 
jending erat. types? 
(6) Discontinuence of certein ship types, eaireralt types, 
ena landins erezt trpea? 
—_— (7) Standerd ship types, aircraft, and lending erefit, includ- 
ing the armament and equipment te be insialled? 
fuciosure (A) 
Hin Figs 
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Serial 02560 
30 August 1945 


COKFIDERTIAL 
Subject: Reports on and Evaluetion of Specific Subjects 
és the xesult of Wer Experiences. 


‘$) Engineering installations, euxilieries, fire fighting 
id salvage equipment? . 
) Armament grouping to meet the flexibility in fire control 
recuired in modern weriere? 
(10) New fire control characteristics? 
lL) Alterations which will improve the flexibility of equipment 
now instel1ed7 


he ks requested by the Commander in Chief, U. S. Pacific 
Fleet, ship's organization a have not been made during World Wer II, 
However, the question of é modernized ship's organization to fit the 
c 


éAninistration = the ship taba of the Fleet has arisen. Radar, CIO, 
extensive use cf voice radio, end technical advances all have brought 

forth the need for an administretive organization te fit the new conditions. 
Recommendations in connection with an Operations Depariment, a Commuiniceticn 
Department, and the need for a revision of the conditions of readiness for 
action have ail stressed the necessity for en extensive study and , Coes 

on ship types along the lines of this discuesion. 


56 it is eppreciated that the wide dispersion of ships 
and the indefinite status during demobilization of ships and personnel msy 
create Cifficulties in constituting Boards within the Fleet to handle 
these details, it is believed however that by essiening the preparation 
of these reports to the staffs of Tesk Fleets, Forces, and Groups not 
exployed in operetions that their submission is precticable. 


the present intention of the Commender in Chief 
hief of Naval Operetions to pramulgeate these 
the Offices, Bureeus, and Boards (i.e. the Skip 


che Nevy Deperiment in order that they mex be use 
elopuen. cf ecuipment and ship cherecverisvics o4 
his explanation in mind it is desired that che 
Fecific Fleet express his views SUF en alt 

c submissicr to the Commender in Chiel, lL United 
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Part I, 


Summary end Recommendations. 


le This board has studied and discussed CNO 

Secret Serial 001402254 of & October 1945, Subject: Radar 
and CIC Long Range development of for air problems. This 
Board strongly concurs in the general stetements therein 
and considers the letter ean excellent stetement of exist- 
ing problems and the reyjuirements for their soluticn. 
Some disagreement with peregraph 4(e) of the above letter 
is expressed in this report, Part Ii, Section 7, para- 
graph 2, on IFF development. Rader and IF development 
Should be coordinated and carried out simuiteneously. 


Ze This Boerd considers that one of the mest 
vitally necessary post-war projects is the development of 
an effective search redar for use in eirborne radar pick- 
ets. It is recommended thet development of an efficient 
airborne rader picket end CiC be vigorously carried on. 

It is further recommended that Commender Air wURTOES Cen 

trol’ Units, Pacific, ve included in the commencs concerned 
with service trials and training of prototypes of eirborne 
radar pickets and CIC's. 


The internal organizetion ef many of our 
large shiva requires improvement to better coordinate the 
functions of CIC and the use of new electronics devices 
with the functions of the various standard departments and 
their equipments. The question of establishment of an cp- 
erations department in some types of ships should be re- 
viewed and several types of improved organizations shoulda 
be given further service trials if the operations depart- 
ment is not favored at this time. 


Le Ship Borne Surface Search Radar. The SG-b 
and the SG-lb redars (having Mod. 50) with the desirable 
features of sensitivity time control, fast time constant 
Circuits, and expandeble sweep are considered very satis~ 
factory equipments for the present and for the immediate 
future. The lester series SC racers with higoer frequency 
and stendercized construction wilt setisfy ell fleev neers 
for the near future. The SL series can be considered ob 
solete and should be replaced with the much better SU 


~ 
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series radars. The later SO series is considered satis- 
factory for the needs of the present and near future. It 
is recommended thet the SG~b and SGelb be retained on ships 
of the inactive fleet enc that the later model SG radars 

be installed on ships of the active fleet. It is also rec-~ 
ommended that one of the late SU series or late SO series 
be installed wherever possible for small ship surface 
search use. Future development should be directed toward 
reduction of size and weight end stenderdization of compon- 
ents. Improved resolution is elso very desirable for 
surface search radars. 


be Submarine Surface Seerch Radar. The model 
SJ series, surface search ana also fire control radar, per-= 
formed well, but is now cbsolete. It is recommended that 
it be replaced by the model SS series on all active sub- 
marines, and that it be retained on all inactive submarines, 
The model ST series, surface search and fire control peri- 
scope redar performed well. It is recommended that it be 
retained in all active sudmerines, and in as many cf the 
inactive submerinées as iiave it installed at the present 
time, Improvements are needed in the near and foresee- 
able future to narrow the beam pattern in azimuth, improve 
the range and improve the resolution. 


6% Shipborne Air Search Radar. None of the 


air search radars now installed are considered satisfactory 
in performance for the near future, or foreseeable future 
in active ships. However, continued development of the 

SR series will, it is believed, result in a good air search 
radar for use in the near future until a radically improved 
air search radar can be produced. The SR-5 or the higher 
frequency models SR-3 end SR=4 seem to be the most promising. 
(Refer to IT=-B-6). The mejor faults of equipments now in 
use are: Poor maximum renge, poor bearing resolution, large 
fade zones, no high angle coverage, too low frequency, 
troublesome sntennea pedestals, inadequate shock mounting 
anc difficulty of maintenance. It is considered necessary 
that the redar of the foreseeable future must overcome the 
above mentioned difficulties and have the following eddi- 
tionel feetures: 


Ge A moving terget incicetor system. 
be Stevilized sntennes where ship type instal- 


letion requires. 


- 
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Cre Provisions for zenith search. 


ad. More rugged and simple antenna pedestal. 


In view of meeting the needs of the near 
future it is recommended that the lete model higher fre- 
quency SR type air search radars be used to replece ali 
SC/SK radars on all ships of the active fleet insofar as 
production and present suppiy permit. This is aeened 
adviseable because the SR series has inherently good de- 
sign, is standardized, and with future modifications it 
may become the air search redar to suit the needs of the 
foreseeable future. SR types should be installed on CY-9 
class carriers in the inective reserve, 


7. Submarine Air Search Radar. Submerine air 
search radars such as the SD series and Sv series have not 
given very good ranges on air targets (15 - 20 miles). 

The SD series with the non-directive antenna is not con= 
sidered satisfactory for either present or future use as 

a submarine air search radar. It is recommended thet the 
SD series be replaced py the SV series cn active submarines 
and the SD-5 be retained on inactive submerines. Jt is 
also recommended thet steps be taken to improve the range 
and coverage of the SV series radars. In the near and 
foreseeable future the antenna should be improved to give 
information of position angle of contacted aircraft. 


8. Zenith Search Radar. The methods used 
during the latter part of the war to provide zenith cover- 
age were interim measures in an effort to provide immediate 
protection against high angle air etteck. The SG with the 
zenith search reflector was not satisfectory. The trials 
of SCR 720-B show that this device is a trend in the right 
direction. It is recommended that a similer device using 
spiral scan, having a 40 degree to 90 degree coverage, end 
a method of presentation giving range, beering, and position 
angle be developed specifically for the use of zenith 
search. This zenith search radar should have its controls 
adjacent to the air search radar end herve its presentetion 
elongside that of the eir seerch reader. The need for an 
effective zenith seerch reder bes been much Giscussec in 
action reports enc is keenly felt. 


9. Control cf Interception Reder. The SP/SM 
radars have partiaily satisfied fieet neecs curing the war. 
With improvements outiined in peregreph II-B-7 of this 
report they should be retained for the present end near 
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future until a better type is available. The fleet needs 
a greetly improved intercept radar with greater range, 
better altitude determination, better resolution, end 
simplified construction. From data aveilable on the SX 
radar, which will be capable of dual purpose search and 
control of interception, it is believed that this radar 
may satisfy the intercept radar needs of the carriers and 
battleships in the near future. However, general fleet 
opinion seriously quéstions the advisability of depending 
Om one equipment for multiple purpose use since a failure 
means complete loss of reader data, 


10. Surface Fire Control Kadar. The perform- 
ance cherecteristics of the most recent fire control radara, 
such as the Mark 12 Mod. 1 and the Mark 13, are consider- 
6a setisfactory for surface fire control use in the present 
end near future and it is recommended thet the Mark 13 be 
installed in all new construction Battleships and Cruisers 
and thet it be used to replece the Mark 8 rader on ships 
of the present active end inactive fleet. It is also 
recommended that the Mark 12 Mod. 1 be retained for dual 
purpose fire control purposes on ell ships of the active 
and reserve fleet until Merk 25 equipment is available. 

The surface fire control radar of the foreseeable future 
should have the following chsrecteristics: 


Ge Maximum renge weil beyond the effective 
maximum gun Tangs. 

b. Bearing accuracy consistent with the in- 
herent deflection dispersion of the gun battery {1 - 3 mils). 

Ce Resolution as high es possible in rangé 
and bearing. ~ 

de Spotting provisions for range and deflec- 
tion. Cless "B" presentation satisfies this requirement. 

Ge a presentation should be as similar to 
optical eas possibl Class "BY" presentation partiaily 
setisfies this part caniont 

ie Provision for complete eutomeatic trecking 
and computer aid circuits. 


Bs The cerrier output frequency should be es 
high es possible without suffering excessive interference 
from atmospheric cdisturbsnces. 








COMMENT BY CINCPAC 





30. Concur in general. Specific reference to Mark 25 
should not be taken as an indication that this is the ultimate in 
“Dual~purpose 5 Inch Fire Control Radar." If a better director ang 
radar system, such as the projected Merk 56 systen, proves to be 
more effective and otherwise satisfactory, then it should be con 
sidered for replacement of current systens,. 
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bh. The equipment must be effectively shock 
mounted, 


is The meintenance problem must be made as 
simple as possible. (For elaboration on characteristics 
see paregraph II-C-1.) The only equipments which have. 
approached a really setisfectory surface fire control 
design are the Mark 13 and Mark 25. It is believed that 
the Mark 25 with the features of complete automatic treck- 
ing, high resolution, end good range may meet the needs of 
the foreseeable future if it proves satisfactory after 
trial in the fleet. 


dedie Anti-Aircraft Fire Control Radar. The per~ 
formance characteriss.cs of the most recent anti-aircrart 
fire control radars such as the Mark 12 Mod. 1 - Merk 22 
combination, and the Mark 34 Mod. 2/4 are considered satis- 
factory for anti-aircraft fire control use in the present 
and near future. It is recommended that: 


Be The Mark 12 Mod. 1 — Merk 22 combination 
be retained on all ships of the active end inactive fleet 
until such time as a new equipment is developed which will 
satisfy the basic requirements for the fleet as set forth 
in section II-C-3, 


be If the Mark 33 director is replaced, the 
Mark 28 Mod. 0/3 be replaced by the Mark 12 Mod. 1 - Mark 
'22 combination if weight and space ccnditions permit. 


Gs The Mark 28 Mod. 2/4 be replaced by the 
Mark 34 Mod. 2/4 on ships of the ective fleet but retained 
on ships of the inactive fleet. (Refer to pearegraphs TI-C-4b, 
c, d, e for more elaborate discussicn). 


12. The Anti-Aircreft Fire Control Redcar of the 
foreseeable future must Lave the following charecteristics;: 


£ 


Be Meximum renge well beyond the maximum ef~ 
fective range of the gun bettery. 

b. Bearing eccurecy consistent with the in- 
herent deflection dispersion of the gun bettery (1 mil or 
better). 


Ce Position engle eccurecy the ease as that 
for bearing, 


ad. Provision for a moving target indicetor 
SVStEMn. ‘ . 
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Ge The resolution must be aes high as possible 
in renge, bearing and position angle. 


ft. Provisions for rapid and efficient means 
of target acquisition. 


Ze Spotting provisions in range, deflection, 
and elevation. Class "B" and "Cc" presentation are desir- 
abie,. 


A. The presentation should be as similar io 
optical es possible. Class "B" end "C" presentation par~ 
tially satisfy this requirement. 


i. Provision for complete automatic tracking 
end computer aid circuits. 


Se The carrier output frequency should be as 
high es possible without suffering excessive interference 
from atmospheric disturbences. 


ke The squipment must be effectively shock 
— mounted. 


le The maintenance problem must be as simple 
es possible. (For more elaborate information see paragraphs 
II-c-3 a to 1.) It is believed that the Mark 25 radar, 
which is now under contract, will meet the needs of the fore- 
seeable future in most respects providing trials in the fleet 
prove it satisfactory. 


136 Submerine Fire Control Radar. The reguire~ 
ments of the submarine are for 4n ell around fire control 
radar for torpedo as well as gunfire control. This requires 
@ reader which is capable of giving accurate bearings, iong 
range, and having a type of presentation that is suitable 
for spotting. It is believed that the Model SS-1 with the 
Gesirable features of high resolution end accuracy, great 
rengs, end provision for cless “A" and “B”" presentation wil. 
meet the needs of the present, near future and foreseeable 
future es a good submarine alli rounc fire control recer. 
It is recommended thet the Model SS-1 repisce the Noce. 
or ell ective submerines end thet the SJ be reteinec on in- 
ective submarines for training purposes until production 
volume will eneble them to be replaced by the Model SS-1. 

A redar repeater is needed in the integrated firs control 
system now being developed on the USS SEA LEOPARD. The 
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1. Continued effort to produce a satisfactory IFF systen 
is reccommended. Detailed comment will appear opposite the detailed 
comment in the report. 


, 


a Experimental projects in progress in both AEW and Air- 
borne CIC prior to war's end should be continued. 





3. Cincpac recently concurred with CNO in the esteblish- 
ment of a Cammunications Department. Further camment on this subject 
was forwarded iin Cincpac Restr. Ltr. Ser. 8840 of 3C Aug., 1945. 
Further reorganization is not recommended until additional study makes 
clear its necessity, 
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a2. 1. Mark 25 Radar. 


If a better radar and director system, such as Mark 56 . 
projected system, proves to be more effective and otherwise satisfac- 
tory, the fleet should have it. 
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Model VH is now on the allowance list of active submarines 
for this purpose. It is not recommended for installetion 
on inactive submarines. (For further information refer to 
Paragraphs II-C-6 a, b, c and II-C-5 a-i.). 


LL. The long range eirborne rader picket and 
CIC is of greatest importance to proviae for long range 
warning and interception of any attacking force before the 
enemy can reach his objective. The development of a setis-= 
factory airborne radar picket is considered the most impcrt- 
ant of all post-war prejects and it is recommenced that it 
be pushed with tne utmost vigor. 


1L5< Airborne Radar. There should be as few 
different types of airoorne radar systems es practicable. 
Recommended is one system for light - fast lana based 
patrol aircraft, one system for the slower—heevier patrol 
craft, and one type, if possible, for cerrier besed sir- 
craft. In the design of carrier based eircraft radar the 
following fectors must be considered: Streamlining, light 
weight, tropicalization, moisture proofing, and stancerd- 
ization of parts and equipments. Design should be con- 
tinued to develop sea-suppressor circuits, automatic fre~ 
quency control, and moving target indicetors which will 
permit differentiation between land mass or sea return, 
and moving targets. 


16. Shore Based Radar. It is recommended that 
Marine Air Warning end Fighter Director Units be mainteined. 
They should be coordinated or integrated with Landing Force 
Air Support Control Units to form a unified air control 
center to be set up ashore immediately efter an assauit 
landing or on any island or coastal territory which might 
be siezed. These units should use Army type racers and 
be eble to work immediately with Army A. W. and Fighter 
Director Units and Air Control Centers. These units should 
also be freauently drilled in coordination with Fleet and 
Amphibious Force CIC and Air Control Centers efloat. 

Joint Air Warning reporting end Fighter Control procecure 
and communication freauencies should be agreed upon, maia- 


2 


teined, and edbhered to by ell concerned. In no other field 


is instent end efficient Jcint Action so Vitel. 


ive Airereft Barly Warning Equipment. The pre~ 
sent AMW system is considered inedequate because of the 
limited renge of the reder employed, inability to detect 
targets over land, and excessive sea return. A high- 


HI 
i 
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17. AEW presently installed shows sufficient promise to 
justify continuetion of its development and trial in the fleet. it 
is considered that there is a definite need for both ABW and the Air- 
borne CIC, Accordingly, further development and trial of both these 
methods is recommended in an effort to provide greatly extended range 
of effective radar defense for the future, Furthermore, the Airborne 
CIC gives prazise cf our eventually being able to exercise real tacti- 
cal command of large forces of aircraft on distant missions, a most 
important desideratum. During the war we attenpted to do this through 
the use of Air Group Commanders and Air Controllers. As these officers 
had available very limited facilities for obtaining information and for 
the issuance of orders, these efforts to exercise command in the air 
had very limited success, The Airborne CIC mav point the way te true 
airborne commeanc and the ebility to exercise control over wide-spread 
air action ét great distances fron carriers or other bases, It shouid 
be strongly pushed with this in mind, 
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powered airborne radar must be developed which will detect 
Single small aircraft targets at ranges in excess of 100 
miles over land. The remote control and television aspects 
of AEW are of very dubious value. Full operation of radar 
and CIC in the airplane with voice radio transmission of 
information to those concerned is simpler, more reliable, 
less confusing and fuily adequate. 


LS. Ground Controiied Approuch Eoauipment. This 
Board recommends that @ll major Gir beses bé equipped with 
GCA equipment as soon es available and in addition that all 
minor bases which encounter weather minimums below 500ft. 
coiling, or 2 mile visibility, or both, for periods Sinaia 
ing 5% of the year be so equipped when ‘practicable. This 
Board concurs with the requirements set forth in the CNO 
Conf. ltr. Op-25 Ser. 0138125A of 28 September 1945 for the 
procurement of GCA equipment for CV(N) night carriers. 


19. Radar Beacons. It is considered that tne 
development and use of radar beacons should be continued. 
The present radar beacons need redesigning to increase 
accessibility of chassis, to facilitate ease of mainten- 
ance and operation, and to reduce size and weight. 


It is recommended that development of redar 
beacons be continued to provide: 


Ge Picket vessels including submarines, air- 
craft carriers, and seaplane tenders with beacons to respond 
to airborne redars, 


b. Land based beacons at airfields, prominent 


- shore line land marks, and other points as necessary for 
Davigation of air and surfece craft. 


Ce Floatebdle beacons to respond to shipboard 
radars to be supplied in life rafts, or for dropping by eir- 
craft to mark location of survivors or the projectea track 
of enemy craft. 


d. se even ultre~porteble fire control 
beacons to essi in shore bombercment by reader controll 
batteries, 

20. IFF Scuipmen The present Mark III IFF 


‘system, despite its many Tiwitetiona end undesirabise fea~ 


tures, has served the fleet well during the Pecific war. 
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18. Cincpac concurs with the need for GCA equipment. It 
has proved its worth. However, its application requires an increase 
in total personnel wherever it is used. Two officers and 7 men ere 
necessary for "on call" service, and about 4 officers and 21 men for 


"round the clock" operation. 


19. Cincpac concurs in the continuation of development of 
radar beacons, However, during the recent war, radar beacons have 
not always been enthusiastically received in the Pacific. Caution 
is enjoined in the expenditure of funds for large quantity production 
of these devices except when the need for them is definitely estab- 
lished. Improved and more reliable beacons will probably earn a more 


general acceptance. 
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Névertheless, it is considered to be totally inadequate 
for future use. The most important of its many faults 
are: unreliability; poor discrimination in range, bearing, 
and elevation; the special knowledge required for proper 
servicing; poor security; and inability to distiuguish 
between different groups of friendly targets. 


21+ The fleet requires en IFFr system which will 
be reliable, which wili inspire the confidence of fleet 
personnel, and woich will have a coding aevice that will 
give autometic identification and yet can be readily changed 
when the original system has been compromised. Tos pre- 
sentation of IFF signals on indicators should be so simple 
and obvicus that mistekes and delays, occasioned by the 
necessity for close exemination and lengthy thought proces- 
sés on the part of cperators, will be eliminated. It is 
therefore recommended that the entire IFF program be re- 
¥Yiewed, and thet the several new avenues of approach which 
ere now open to use be invéstigated as soon as possible. 


ae» Consideration should be given to the fol- 
lowing in developing a new IFF system: 


Ae Varied modulation of pulses of own radar 
transmitters can be provided so that vessels, at their 
own discretion, may establish their identity to friendly 
RCM intercept through the characteristics of their search 
and intercept rader trensmissions. 


b. The incorporation of IFF intercept features 
in RCM installations seems advisable and is practicable. 


Ceo Toe use of higher IFF frequencies would re- 
duce entenna sizes and improve directional characteristics. 


d. The use of coded pulse-time or other mod- 
ulation feetures superimposed on both radar and IFF signals 
&ppears practicable as a means of automatically discrin-~ 
inating between friend and foe and among different groups 
of friendly targets ena as a means of obteining additional 
security. 





Ca The ~neerporevion Of Girectional IFF @5 
en integrel part of eech eir-search, surfrece-search, end 
fire-control radar systems is necessury snd practiceble. 
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elec Cincpac concurs in the acute need for an effective IFF 
system. It should be positive, secure, and as simple as possible in 
its interpretation and in the technical knowledge required to operate 
and maintain it. 


22. All of these and any other promising possibilities 
should be exhausted in the search for a good IFF system. Research on 
this project must be continued. In a future war, compromise may nmeke 
necessary complete chénges of system. Therefore, a basic system, and 
at least one reserve syste, should be provided for any future ener- 
gency. 
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Ze This Board strongly recommends that the 
development of IFF along the lines indicated herein be 
vigorously carried out concurrently with or as a part of 
the development of new recars. 


he Countermeasures. Research and development 
to improve countermeesures methods and eauipment should be 
arried on. Our present equipment should be redesigned, 


unified as to racks or cabinets and power supplies, simp- 
lified and made more flexible. Improved directional in- 
tercept receivers are .équired. Better radar jamming and 
redar deception equipment is neeidsd. Setter means of 
directing or nullifying eliectronicelly guided or controlled 
missiles ere needed. It is considered that RCM activities 
snould be a pert of or controlled by Cic. Our ships and 
aircraft should meke continued and determined efforts to 
intercept strange electromagnetic wave radiations in all 
parts of the world. Knowledge of what other nations are 
doing is vitel in this field. ; 


256 Allowences. This Board considers the al- 
lowances of radar eaulpment as given in the Redio Type 
Allowance Booklet (RE 114 100) for the varicus classes 
of ships reasonably edequate for the immediats future ex- 
cept for the need for Zenith Search Redars. Minor changes 
to this allowance to mest the conditions of the near future 
are discussed in Part III of this report. Radars of radi- 
cally improved characteristics will be required to meet 
operational conditions of the foreseeable future and will 
probably entail considereble revision of present allowancés. 


266 Standardization of Units and Components. 
The necessity for crash production and aevelopment of redar 
during the war end the many different companies producing 
the set brought about a situation wherein the many different 
types of sets bore little resemblance to one another even 
‘though they were produced to perform the same function. 
Some attempts to standercGize components have been mace with 
the SR series ena the later SG series. 

20 This Boeré considers thet further stvencera- 
izetion is mendsiory ené recommends thet the best circuits 
&S proved by experience be accepted es stancerd and that 
new reders Geveloped with redically improvea perfcrmence 
be built around these standerd circuits. Construction 
might be resolved into a series of ebout six readers, three 


surface seerch and three search to meet the varying 
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256 Concur in general. It is desired to stress the idea 
that development of Zenith Search rader should not overshadow in- 


provement in long range coverage. If enemy aircraft carry etomic 
bombs, we can not let them get overhead. 


a6. Continuation of the effort, already initiated, to 
standardize units and camponents, promote interchangeability of 
electronics spare parts, simplify, etc., is a necessity. However, 
standardization can be the enemy of progress. Research should be 
unhindered by standardization. Development and improvement progrems 
can take standerdizaticn into account after research has discovered 
new principles or means cf accomplishment. 
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needs and limitations of the different size ships and 
small craft. in addition, two general purpose height 
finding (fighter director} types redars, one large and 

one small coula be developed using similar components, 
Similar component parts and circuits and possibly units 
may well be used in fire control radar equipment. Stan- 
dardization of electronic equipments and their components 
+S one of the most important improvements required during 
post-wer development. 

28. yower Supply. Necessary improvements in 
radar performance to meet the threats of the future will 
require that every component be capable of delivering 
the utmost in performence for its size and weight. Much 
saving in weight and scace may be accomplished for most 
electronic equipment by a shift to a higher frequency 
bower supply. Because of this fact, a shift of power 
supply frequency for future mobile radars appears likely 
from a military standpoint. Many airborne equipments al- 
ready use S00 cycle power sources. The relative merits 
of various power supplies have been reviewed by the Board 
end the following recommendations are made: 


Ae An orderly change to a higher frequency 
power supply for certain radars should be instituted in 
the near future. The optimum frequency should be se- 
lected by the Cnief of Naval Operations after thorough 
study and recommendations by the proper material bureaus 
so that full advantage may be taken of the knowledge, supply 
and production facilities of commercial interests and other 
services, The broad difficulties and disadvantages of 
shifting from 60 cycle supply are well appreciated by this 
Board. 


ss The possibilities of a shift to a higher 
freauency for power for certain electrical equipment such 
es synchros and small motors requires investigation and 
coordination. The frequency should be the same as that 
used for radar end radio power supplies in order to stand- 
ercize components. 


Ss Aireref?t enc submerines present the most 
immeagiete problems beceuse of the increased importence of 
space end weight considerations. Naval esircraft ere using 
800 cycle supplies for radio, redar and ctner purposes, 

It is understood that Army eircreft and commercial intver- 
ests are using 400 cycle supplies for various purposes. 
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28. The merit of high frequency power supply units has been 
denonstrated. Space and weight cen be seved by using higher frequen- 
cies and the associated high speed electric generators. Cincpac con- 
curs with the board's recommendstion that further study, investigation, 
and coordination of efforts in this direction are in order. Generel 
agreement on standardization on 400 or 800 cycles between Army, Navy; 
and comercial interests should be reached so that the cooperation of 
electrical industriel interests can be enlisted with the expectation 
of enthusiastic support. 
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Standardization of high frequency power supplies of Naval 
aircraft with the Army Air Forces material seems aaadebory 
to increase the availability of interchangeable spare parts. 
Conversion of submarines to use of higher frequency power 
should be given a high priority. The future submarine 
promises to be a versstile weapon and should be of great 
value to the fleet as a radar picket and fighter directcr. 
In order to build necessary cheracteristics into e single 


type submerine, further reduction in size of many equip- 
ments will be necessary. 


de Constant liaison with commercial interests 
in the development of power supplies should be maintained 
so that full advantage may be teken of their work. It is 
to our advantage to influence commercial airlines and 
other mobile services to use a common high frequency power 
supply. 400 cycles is already being used by many end ap- 
pears to offer certain advantages over 800 cycles for ship~ 
board use. 


296 Weight and Space Consideretion., This 
Board recommends that to requce ones weight and spece char-~ 
acteristics of electronic equipment the basic design 
considerations for electronic equipment be studied for 
revision as follows: (1) to use miniature tubes and mini-~ 
ature techniques whenever practicable, (2) to withstand 
reasonable shock and vibration with light-weight external 
shock mounts for installation where excessive shock or 
vibration is encountered. 


30. Spare Parts. 


Be The present practice of furnishing e 
separate spare parts box for each electronic equipment is 
unsatisfactory, using up valuable weight and spece eboara 
ship with large stocks of slow moving, low casuelty spares. 
Critical shipping Spece has been utilized and the re- ~supply 
of critical items slowed down by the necessity of packeginug 
a large volume of seldom needed parts together with criti- 


cal fest moving items. 


S. Stenderdizetion of component parts, 
physicel size as weil és electricel characterisvics, is a 
necessity. Attempts to standardize electrical charec ter- 
istics have been made to some extent but the benefits of 
this stendardization nave been lost by failure to standard- 
ize physical dimensions as well. 
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Ce Spare parts lists end stocks aboard ship 
should be based on the bin supply principle and upon re- 
quirements of ship types rather than individual equipments. 
Non-standard items peculiar to individual equipments may 
continues to be supplied on an equipment spare basis where 
necessary, if tender or base pool supply will not serve. 


d. It is imperstive that the distribution of 
spare parts be such that the spare parts are delivered to 
the fleet concurrently with the delivery of the new elec- 
tronic equipment. By this process msny items which may 
prove to be high casualty, critical items will be made 
reecgily replaceable from equipment or bin spare parts. 


6. A standard stock numbering system for elec- 
tronic equipment component parts is a necessity. A stand- 
ard stock catalogue of these items should be furnished to 
all activities at the earliest possible date. 


f. Technically trained supply officers and 
enlisted supply personnel should administer the procurement, 
distribution, issue, inventory, and replénishment of elec- 
tronic spares, under the general administration or with the 
advice of cognizant electronics trained technical officers. 
The prohibition upon the use of SKT's (Radio) aboard ship 
should be abolished. 


Be The principle of fleet control of distri- 
bution including mainlend distribution facilities of elec- 
tronic equipment and spares to the active flest should be 
continued. 


- Be EFSG ané ACG Techniciens. This Board 
recommends that the Airborne Coordinating Group and the 
Electronics Field Service Group be continued during peace- 
time and be plenned for expansion during war-time. These 
two groups, by the introduction end standardization of 
electronics maintenance procedures and in the operation 
end employment of new electronics system have excellently 
bridged the large gap thet previously existed between the 
receipt of new systems end effective coordinated emplay- 


ment. cf these systems in the fleet. 


32 The subject of ACG and EFSG technicians 
is discussed further in the report of the Radic Equip- 
ment Board currently convened by CinCPac and is concurred 
in by this Boerd. 
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33. Stendeardization of Nomenclature System. The 
several private nomenclature systems for Sones and radio 


“equipments and components used throughout the services 
‘today have proven cumbersome and inadeguate. The“Joint 


Army-Nevy" nomenclature system is considered the best 
system now in use. The systems employed individually by 
the Army, the Navy, and the commercial industries are so 
incomprehensive in their identification and description 
of the equipment eas to make them of little velue to per- 
sonnel unfamiliar with the perticular equipments. Ac- 
cordingly, considerable confusion has resulted, and will 
probably continue until a single, descriptive nomencla- 
ture system is put into general use in ell services and 
is used in training personnel. 


he This Board recommends that the "Joint 
Arny-Navy” nomenclature system be universally adopted for 
the designation of electronic equipment; that all equip- 
ments in current use by assigned suitable designators; 
that all new equipments be assigned A=-N designators prior 
to their introduction to service use; and that active 
Joint use of the A-N system be vigorously encouraged. 


356 Publicetions. It is recommended that many 
of the various radar technical books, publications and 
pamphlets, which are now of high classification and with 
limited distribution, have their classification down- 
graded and their distribution increased to make such val- 


‘uable information availeble to the Fleet Commands as an 


aid in long range planning of improved electronic equip- 
ment installations. Specifically it is recommended that 
the publications "U.S. Radar Survey, Sections 1 to 7" be 
distributed to all Fleet Type Commanders, The radar 
equipment descriptions, operating characteristics and 
performance cepeabilities are invaluable reference data 
for use in connection with material and operational plan- 
ning purposes. Only CinCPac and ComAirPac are known to 
have copies at the present time. 
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Part IT. 


Equipments. 
Section A. 


Surfece Search Radar. 


Shipborne Surfece Search Radar. 


ee The following general requirements are 
considered necessary for any radar to efficiently detect 
and provide trecking Gata on surface tergets, 


General. The later model SG radars such 
as the sc-1b which have incorporated in them such features 
as sensitivity time control, fast time constant circuits, 
and expended sweep are considered adequate for the imn- 
ediste future. This redar end the later models such as 
the & cm. SG 3/4, it is believed, will have satisfactory 
performence charecteristics for the near future. Develop- 
ment of improved surfecs search radar should emphasize 
drastic reductions in size and weight and standardization. 
Improved range end bearing resolution are desirable. 


o. Maintenance. The maintenance of radar 
equipment must be such that repairs can be accomplished 
in the minimum time possible. It is believed that this 
can be accomplished by constructing the equipment on a 
functionel unit basis, with each unit being as light in 
weight and as small as practicable. These units should be 
racked in the main frame end be eesily removable. Inter- 
unit connections can be accomplished by the use of pin- 
jack terminal boards at the rear of 6ach unit. Bench 
testing facilities, if space permits, would greatly sim- 
plify the servicing probiem. There should also be a 
stendardization of components with regard to shape end 
size in orcer to provide simple maintenance. 


ae SG Series. 


The SG radar wes the first surfece seerch 


equipment satis to satisfy leet recuirements. Operational 

reports soon indicautea naed ror: (1) A more stable receiver, 

(2) Elimination of sea return, and (3) Better discrimination 
iLl= A=] 
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hy a. Ajthough Cincpeec concurs with this paragraph, it is 
desired to note that SG 5/6 types, rather than the SG 4 are scheduled 
as part of the "modern" allowance in most types of ships. It is con- 
sidered this allowance will satisfy immediate needs. However, con- 


tinued research is in erder to provide a more effective surface search 
redar for the future. 
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between edjacent targets. The SG-a corrected the fault 
of receiver instability and this modificetion was celled 
SG-l1 if factory perforzed. This equipment was highly 
satisfactory for long renge search, but due to excessive 
sea returns the equipment had to be operated at reduced 
receiver gain for close search and station keeping. Some 
Ships partially overceme this bad feature by installing 
"grass cutting" circuits which reduced close range gain 
by G@pplication of a square wave pulse. This was found 
undesireable since smeil targets were lost if they were 
in the outer limit of the range effected by this pertiel 
disebling pulse. With the modification of the ecuipments 
to .G-b and SG-lb a time varying gain feature was added 
and permitted close-in search with cptium gein for long 
renge search. In addition to this feature the SG-b and 
SG~lb satisfied the fleet desire for better target dis- 
crimination in range by the introduction of fast time 
constant circuits in the video amplifier. 


b. The past performance of the SG series 
reders has shown it to be of great value in shore bomb= 
arament, torpedo attack, staticn keeping, detection of 
low flying aircraft at limited ranges, navigation, and 
long range surface search. From a material standpoint 
it has required little repair due to excellent design, 
ruggedness end serviceability. The fieet, however, still 
desires better bearing discrimination which could be 
accomplished through the use of higher frequencies and 
incorporating an entenna stabilizing unit. It is believed 
that the SG-4 using higher frequency, spark wheel modulator, 
and a stabilized antenna will satisfy the fleet needs for 
én adequate surface search rader for the near future. 


Ss It is recommended that all SG radars be 
brought up to the standerds of those of the SG-b or SG-1b 
end that all of the SG-b end SG-lb radars be retained on 
ell ships on the inactive fleet and be replaced by the 


later model SG series equipments on all ships of the 
ective fleet. , 


ee SL Series 
se The SL redex wes aQéSigned és & small ship 
surface search redar. Within the limits of its aesign 
the SL performed in e satisfactory manner. t wes rugged, 


reasonably free from trouble end gave ranges comparable to 
those of the SG series. Obvious defects in aesign and 
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resulting difficulties in operation make it epee thet 
the SL series is not edequate for the versatile suri 
search radar recuired by smali ships. Some of the 4d 
advantages of the SL series are: 


(1) All targets are presented on a single 
seven inch PPI scope and no range scope was included. 
The moveable rangs dot end bearing cursor as incorporated 
in the SL-a and SL-1l were an improvement over the etched 
renge circle method used in the SL. However, the range 
and bearing determination lack sufficient eccuracy. 


i 


(2) Poor physical construction is evi 
since the console stands too high and the PPI scope 
most horizontel. This makes constant obkservaticn 
and greatly increases operator fatigue. 
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(3) The constructicn of the SL series is not 
adapted to serviceability. The chesis of the console has 
all units so arranged as to make servicing difficult, 


(4) The antenna control is difficu 


t 1% to operate, 
Push button control with no provision for menuel Gperation 
makes it difficult to stop the antenna on a target. 
(5) There is no sea return suppressor which 


makes it difficult to observe close range targets. 


iss raders 
ve fleet 


(bd) It is recommendsd that ail SL ae 
be replaced on all ships of the active end inac 
by one of the late model SU series redars. 


36 SU Series. 


Be The SU series radars have given excel 
performance in the fleet. The equipment being designe 


ls 

e 
for small and médium ship use (DE's, AM's and PCts) serves 
its purpose well. It has an angular discrimination of about 
4, degrees and a renge discrimination of about 300 yards, 
its main difficulty seems to be undesirable echos from 
clouds and mist which ceuse trouble when using the equipme: 
for mevigetion enc searching in iow visiti J $ 
performance is better than the SL, but its eleciz 
struction is considerebly more complicatea. At present 62 
is only one antenna speed and it would be desirable to have 
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two or three. The SU-1 differs from the SU only in the 
power supply used and the type of gyro input. Perhaps a 
lower frequency model similar in design would eliminate 
undesirable returns from clouds or mist ana give the fleet 
@ small, surface search radar comparabie to the SG series. 


be It is recommended that one of the late 
model SU radars be used to replace all model SL raders now 
instealied. It is also recommended that all early model SU 
radars be replaced by the most recent model SU-2 or SU-3 
on all ships cf the active and inactive fleet. 


he SO Seriés. 


Be The SO series radars are installed on 
patrol creft, landing craft, minesweepers, district craft, 
smell eauzilieries and coast guard.vessels. This eauipment 
hes only PPI presentation which is satisfactory for nav- 
igetional and station keeping purposes. The SO types are 
similar in construction, but vary only in antenna weight, 
power supply, and frequency. The SO-1 has given good re- 
suits as ea surfece search radar and has proved valuable 
for landing creft use at sea and clicse to shore. It has 
also been useful for navigation and station keeping. There 
is a need for an accessory control unit (ACU) and true 
bearing unit (TBU) modi?icetion te all sets should this 
model be reteined. Its resolution and discrimination 
should be improved. The disadvantages of the SO-1l are its 
heavy antenna, only fair resolution, and no sea return 
suppressor. The S0-4 is the successor to the SO-1 end has 
a higher frequency, but little experience has been had 
with this equipment. It has, however, shown better dis- 
crimination. It would be desirable to have a 3 mile range 
scale, sea return suppressor, and a more accurate means of 
obtaining range ("A™ scope). The SO-2, 4, 5 and 6 are con- 
sidered modern since they operate at higher frequencies end 
ere provided with eccessory control units. The SO-l and 
SO-8 are considered modern, but not the best. It is be- 
lieved that late model SO series equipments should be re- 
teined on ships of the ective end inactive fleet where 
instelled except when replecement by lete SU series is 
ingicetec for specific reesons. 


Submerine Surface Search Redar. 


Le The following general cheracteristics ere 
considered necessary for e submarine surface search recar 
to efficientiy locete possible targets: : 
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purfece Seerch. 


@. Range. The maximum ranges should be suck 
that the submarines nes the best peesible chance of detecting 


. the enemy before tae submarins is itself detected, and in 


sufficient time so that thse submarine can be maneuvered to 
a favorable position to ccnduct an attack. 


be Besrince, Close bearing resolution is 

s Se ak ot a8 Gace Bk L ii - 
desireable in « surface search radar so tbat the contact 
may be properly evaluated. Ona cf the primary missions. of 
the submerins is to furnish contact reports to the 0. T. Ce 
Any informetion obtainable at long renges will enebdlie the 
submarine to give more information in the contact report, 
and as well as plan and carry cut en expective etteck. 


Ce Resolution. The range resolution should 
be in the order of 100 to 150 yerds for reasons of long 
range evaluation of enemy's formation, The best possible 


bearing resciuticon is nighly desirable for the same reason. 








one Present abiog. The presentation effered by 
& FPI sccpe and a class "B" seops is considered adequate. 
An "A" scope is desirable. 

6. Frequency. The frequency should be high 


enough to accomplish the required resclution and be stend- 
ardized with otrer types of radars in order to eliminate 
need for special submsrine spare parts. 


f. sbock-mounting. Present shock mounting 


is satisfactory. 


Be Meintenence, Maintenance is particularly 
vital in the submarine as there is only one radar set in 
the surface search field which will huve long renge 
characteristics. Unit replacement with standardized 
functional units and meximum use of stendard components 
is recommenced. 


Evaluation of Equipment types now in use for Submarine 
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Within its desi was lar¢ sely responsible 
for the success in their numerous and 
agestructive nig) Tas early complaints 
about this mode Submarine patrol reporté 
ingicete thet ii leo! Be pover and the 
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leck of PP1 presen 


tation, ‘The shortcomings in power were 
revealed in several instances of lcokouts sighting targets 
ehead of the radar on moonlight nights. PPI presentation 
wes made available for the SJ redar as soon as preliminary 
tests of surface ship types indicated its great value 

in convoy etteck. After the introduction of the PPI scope 
an additional complaint appeared in patrol reports as to 
muitipie indications cus to the sidé iobes of the antenna. 
The SJ remained secure from enemy D/F equipment until late 
in the war. The increase in the enemy's use of intercept 
receivers forced the operating personnel into intermittent 
use of the equipment commencing in the summer of 1944. This 
intermittent cperaticn eppeered to give good security. It 
is to be noted that this redar was also the fire control 
redar, so that the officer at the PPI scope acted as a 
one-man CIC. The Sd redar was replaced in only a few 
instances by the Model SV rader at the end of the war. In 
summation the liodei SJ radar is now considered obsolete 
since it has been repleced by two mouels; one as an air- 
surface search, and the other as fire control. SJ equipment 
should remain in the inective submarines of the reserve 
fieet. Some time wiil elapse before 100 percent replacements 
can be made in the ective submarines. For purposes of 
training submarines in the use of radar the model SJ is 
adequate. For use against an enemy the more secure three 
centimeter model SS is better from the fire control stand- 
point, and the sight centimeter model SV is better as a 
surfece search redar. 


ma For Model SV, Series see comments under 
Air Search II-B-4 (b); For Model SS, Series see comments 
under Fire Control II-C-6 (c); and For Model ST, Series 
see comments under Fire Control II-C-6 (b). 
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Equipment Types. 
Section B. 
Air Search Radar. 


Surface Ship Air Search Radar. 





die The following general characteristics are 
eonsidered necessary for air search redars to detect air~- 
craft, glide bombs and rockets, and to provide sufficient 
intercept data for effective countermeasures. (This Board 
has considered the specifications for the ultimate air search 
radar as set forth in CNO ltr. (Op-25) serial 001402254, 
dated 8 October 1945, to BuShips in heii the follow- 
ing requirements.) 


Ae Rengs. It is considered essential that de- 
tection equipment for air targets have at least a renge of 
500 miles for major combatant ships and a renge of at least 
150 miles for smaller type ships. The renge accuracy should 
be in the order of 100 yards for purposes of accurate track- 
ing end possible auxiliary use of the radar for fire con- 
trol. These requirements have not been met by present air 
target detection equipments, but this has not been too ser- 
fous a handicap in the past. Due to the predictable in- 
crease in speeds of air targets, much greater maximum range 
capabilities are essential in order that early detection 
can be accomplished and effective countermeasures teken 
during the very limited time of target approach. 


be Bearing. The bearing accuracy of air 
Search radar should not be less than one degree in order 
to permit accurate tracking and repid coaching of the in- 
tercept radar on the air target. 


Co Resolution, The resolution in range and 
bearing should be the best possible consistent with the 
factors of pulse length, beam width, end peak pover, 

Since very long range eir search requires greater energe? 
per pulse, it mey be necessary toa use greater pulse lengths 
and so accept a Somewhat reduced renee resolution et least 
at the very long renges. The specifications of the SkKe4 
are 4 degrees bearing resolution, range resolution of 500 
yards, and a horizontel beam width of & degrees. This is 
not adequate for the redar of the future put is not too 
ereat an immediate hendicap in a recdear whose primary mis- 
Sion is detection of air targets. CGnce a target has been 
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Rs Cs Resolution. 


‘4, Question is raised here as to the relative merits of 
SR-% and SR-4 reaers. It is not believed that the fleet has hed suf- 
ficient experience as yet to make final evaluation between 1200 lic end 
600 iC raders used for surface search. 
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detected the intercept and fighter director radars must 
track accurately and they must have excellent resolution. 
Smaller ships not being able to carry heavy intercept 
radars should have a Single radar capable of a reason- 
able solution of the intercept problem after detection. 


d. Coveragse. The coverage of air search 
radar for major combatant ships should be a right circu- 
lar space cylinder of 300 mile radius and height of 50 
miles. In order to prevent the wide energy distribution 
in a single beam giving complete coverage it is considered 
adviseable to use ean additional Zenith search radar cover- 
ing position angles from approximately 40 degrees to 90 
degrees. This would mean that the air search radar should 
search and have gcod coverage from the horizon to 50 de- 
grees position angle. This will be difficult because of 
the high energy required for such a wide vertical beam. 
Coverage might be accomplished more readily if the an- 
tenna beam were made small in the vertical direction 
and "nodded" through the limits desired. 


Ce Frequency. The carrier output frequency 
of air search radars should be above 400 MC in order to 
prevent interference with the proposed UHF communica- 
tions channels, Other reasons for higher frequency are: 
Smaller size of antenna, narrow beam widths, reduction 
in equipment sizes, and increased ability to pick up 
Small targets. Present low frequency equipments have 
caused interference in communications channels, have 
had wide beam widths, and heavy entenna structures. It 
is believed that the SR-4 equipments with a frequency 
range of 525-615 MC may prove to be more satisfactory 
than existing equipments. However, it is recognized 
that it may be impossible to satisfy long range require- 
ments except by the use of lower frequencies. Accelerated 
development and service tests of radicelly improved air 
Search radar prototypes are considered essential. 


f. Antenna. The air search radar antenna 
must be light in weight, rugged, constructed for simple 
replacement of parts and easily maintainable. Some ships 
mey require stebilized inetalletions. Present eir searct 
antennas here given the fleet many troubles such ss ped- 
estal failures end corrosion of dipclies which were not 
replaceable without removing the entire antenna. The 
present entennas are of light weight metal but should be 
made more rugged. The use of higher frequencies may aid 
greatly in correcting many present antenna difficulties. 
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g. Shock Mounting. The shock mounting of air 
search radar eauipments should be improved if possible 
without excessive increases in weight. Some of the air 
search radar equipments now in use have been unsatisfactory 


in this respect. 


h. Maintenance. The maintenance of radar 
eauipment must be such that repairs can be accomplished 
in the minimum time possible. it is believed that this 
can be accomplished by constructing the equipment ona 
functionsl unit basis, with each unit being as light in 
weight and as small as practicable. Standard components 
should be used throughout. (See Section L on Standardi- 


zation. ) 


i... Presentation. The presentation must be 
such that evaluation of the eir problem can be made rapidly 
and efficiently. It is believed the present methods in 
present equipments using an "A" scope for range and a PPI 
scope for the overall air picture are reasonably satis-— 
factory. Associated projection type PPI's would be of 
great value, and it is believed that new photographic 
schemes giving a large size reprocuction of the master 


' PPI will be satisfactory. Improved presentation with 


characteristics similar to optic presentation or with 
look through features is very desirable. 


Tr Moving Target Indication. It is con- 


sidered essential that all air search radars be provided 
with a moving target indicator system or some improved 
type system that will facilitate tracking of aircraft 
over land masses. 


k. Etendarcization of Range Scales. The 


selection of standard renge scales for various search radars 
and PPI scopes is a controversal problem which has received 
a great deal of attention by operational units and by 
technical designers. So many opposing factors are in- 
volved that no completely satisfactory solution has been 
achieved as yet and arbitrary decisions have been re- 
quired. The present standard PPI scales of 4, 10, 20, 

80 and 200 miles have been rezacuably Setis factory for 
remote PPI's. They Ga not appear satisfactory for Air 
Seerch radar consoles. For air search and intercept work 
there is neea for 10, 30, 100 and 300 mile scales. 

With eee perform ence and future developments this 
need will increase. The <0, €0, and 200 mile scales are 


v 


ass 


too long he too short for most uses. 
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g. Shock Mounting. The shock mounting of air 
search radar equipments should be improved if possible 
without excessive increases in weight. Some of the air 
search radar equipments now in use have been unsatisfactory 
in this respect. 


h. Meintenance. The maintenance of radar 
equipment must be such that repairs can be accomplished 
in the minimum time possible. It is believed that this 
can be accomplished by constructing the equipment on a 
functional unit basis, with each unit being as light in 
weight and as small as practicabie. Standard components 
should be used throughout. (See Section L on Standerdi- 
zation.) 


i. Presentation. The presentation must be 
such that evaluation of the air problem can be made rapidly 
and efficientiy. .It is believed the present methods in 
present equipments using an "A" scope for range and a PPI 
scope for the overall air picture are reasonably satis- 
factory. Associated projection type PPI's would be of 
great value, and it is believed that new photographic 
schemes giving a lerge size reprocuction of the master 


' PPI will be satisfactory. Improved presentation with 


characteristics similar to optic presentation or with 
look through features is very desirable, 


j. Moving Terget Indication... It is con- 


sidered essential that all air search radars be provided 
with a moving target indicator system or some improved 
type system that will facilitate tracking of aircraft 
over land masses. 


Kk. Etendardization of Range Scales. The 


selection of standard range scéles for various search radars 
and PPI scopes is a controversal problem which has received 
a great deal of attention by aperational units ana by 
technical designers. So many opposing factors are in-~ 
volved that no completely satisfactory solution has been 
achieved as yet and arbitrary decisions have been re- 
quired. The present Standard PPI scales of 4, 10, 20, 


80 and 200 mALes heve beer reasonably satisfactory for 
remote PPi'ts. Thev Go not anpear satisfactory for Air 
Seerch rader peer des. For air search ana intercept work 


there is neea for Lo, 30, 100 and 300 mile scales. 
With inereesed performence and future developments thts 


need will increase. The 20, &0, and 200 mile scales are 
too des or too short for most uses. . 
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It is recommended that the question of 
standard range scales be restudied and approached from 
the combined standpoint of tactical requirements and 
radar wave propagation limitations. 


Experience has shown that 19 to 24 miles 
is a critical range at which low flying aircraft are first 
detected, hence the need for a 30 mile sScaie. 60 to 90 
miles have also proved critical ranges on medium altitude 
aircraft, hence the need for a 100 mile scale. As radar 
performance improves on high flying aircraft there will 
be an increasing need for a range scale longer than 200 


In surface search radars it appears that 
the 10 mile scale is most used and considered most im- 
portant. A shorter scale is needed for close work and 
station keeping which has resulted in variously recon- 
mended scales of 14, 3, 4, 5, 6 and 8 miles. If a scale 
greater than 10 miles is required, 30 miles seems best. 
Maximum ranges on large surface targets vary from 45,000 
to 60,000 yards. A 100 mile scale would sometimes be 
useful in navigation and detection of aircraft. 


This Board recommends: 


(a) Standard scales for air search 
radars of 10, 30, 100 and 500 
miles. 


(bo) Standard scales for surface 
search radars of 3, 10, 30 
and 100 miles. 


(c) Standard ranges for PFI scopes 
of 3, 10, 350, 100 and 300 miles. 


be Standardization. All major units should 
be standardized in order to facilitate rapid maintenance. 
This has been accomplished in the 5k Series radars in 
which the FPI section cf the SR is also the VE remote which 
can be used to replace the FFI unit of the Se ain 4 
like manner, if the SG-3 or SG-6 is used in conjuncyion 
with the SR, the receivers, IFF coordinator units, train- 
ing control units, monitor scopes, and range scopes are 
interchangeable in either of the sets. There should 
also pe a standgardization of components with rerard to 


ner 


shape and size in order to provide for simple maintenance. 
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hi k. Standerdization of range scales. 


Cincpac concurs. However, it is believed that a gred- 
ual and logical change commensurate with funds available can be 
accepted. It appears that the 3, 10, 30, 100, 500 mile range combi- 
nations are desirable in future construction. The problea is worthy 
of continued study and periodical review in the light cf changing 
tactical concepts. 
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Se 
For Air Search, 


Evaluation Of Equipment Tyses New In Use 





SA Series. 


ae The SA radar has proven entirely inadequate 
as an air search radar. Its 40 degree horizontal beam and 
50 degree vertical beam give a very low gain and a poor 
power directivity. Excessive fade zones were encountered 
which resulted in detection at 50 miles under best condi- 
tions, target fading at 40 miles, and failure to detect 
target again until the range had closed to about 20 miles. 
The SA-l differed slightly in that its beam pattern was 
40 degrees horizontal and 60 degrees vertical. It is 
recommended that all SA series radars be replaced on all 
ships of the active and inactive fleet. Specifications 
of SR series radars show that various models are being 
produced to satisfy weight and space requirements for 
various ship types. The SR series should be used for 
immediate replacements. 


SC Series. 


be The SC is considered obsolete and requires 
no comment. Tre SC-l which was designed to replace the SC 
had the additional feature of PPI scope. The performance 
of the SC-1 as an air search radar was fair, giving maxi- 
mum reliable ranges of 80 miles on medium altitude air- 
craft. The poor beam pattern gave poor bearing accuracy, 
and excessive side lobes caused ambiguity of targets at — 
ranges less than 20 miles. The SC-1 also had a bearing 
sector scan which proved to be neither successful nor de-=- 
Sirable. It is believed that higher speed scanning would 
result in better overall coverage and presentation. The 
later SC equipments were baSicallv the same as the SC-1 
but differing in antenna design and verious slight cir- 
cuit modifications. The bad features of the SC series 
are: poor beam pattern, excessive fade zones, poor choice 
of range scales inconsistent with the capabilities of the 
equipment, poor design from the maintenance ep e deoieee 
inebility to track targets ever land, insufficient shock 
mounting, limited ranse cepabilities, inability to de- 
termine eltituce accurately, and a poorly designed en- 
tenna pedestal. it is recommended that the SC series 
radars be replaced by late model SR series equipments as - 
scon 4s practicable on all ships of the active end inactive 
Tleet. 
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20 This section of the report is considered an excellent 
presentation of merits, advantages, disadvantages, limitations, etc., 
of different types of air search redar with which the fleet has had 
experience. . 
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SK Series. 


Ce The SK radar series are the same as the 
SC-2 and later SC series with the exception of the much 
larger antenna. The SK antenna horizontal and vertical 
beam width of 20 degrees gives greater power gain and some- 
what better resolution. The sK~2 and SK-3 models used a 
parabolic dish antenna instead of the mattress type. The 
SK-3 antenna had an additional parasitic array giving bet- 
ter coverage on kish flying planes at less than 50 miles 
range. in general the faults of the SK series consoles 
and power supplies are the same as the SC series since 
the equipment is basically the same. The SkK-2 antenna 
suppressed side lobe radiation, but the parabolic reflec- 
tor and the peint radiation source widened the fade zones 
and reduced high angle coverage. It is recommended that 
all SK series radars be replaced by late model SR series 
radars with improved antenna designs on all ships of the 
active fleet. 


SR Series. 


ay The SR radar was the first attempt to 
Standardize air search radars and to provide a frequency 
distribution in various models. The SR series is con- 
Sidered a big step in the right direction. A reliable 
and complete evaluation of the SR series equipment is 
difficult since they have been in the fleet for only a 


Short time and not enoush information is available for 


accurate service evaluation of some of the equipment 
characteristics, Upon the installation of the first 

SR equipments in the fleet, two glaring defects were 
immediately apparent. These are: difficult transmitter 
tuning procedures and the short life the type 527 A oscil- 


‘lator tubes. Both defects were apparently caused by the 


keyer unit which allowed the selection of two pulse rates 
and pulse lengths. Practically all reports indicate 
trouble with tuning and shert oscillator tube life, the 
overall effect being a high percentage of maintenance 
hours and low operating efficiency. The low detection 
ranges reported were probably caused by faulty tuning. 
The SR recar without fectory modifications or fiela 
changes is Gefinitely inferior to both the SC and 6K 
series radars in detecticn capabilities and operational 
efficiency. With the installetion of the new keyer. {pro- 
+See plate keying anda single pulse length of four 

he transmitter tuning was Simplified 
and the Life of the 527 A oscillator tubes was extended 
to a period comparable to the type 527 Ats used in the 


wee ee 


} ES SET top e aw ae 


EE DT GT eh pee Nerymeape gmp, 


SECRET 


SC-SK series radars. Although there were other field changes 
to the SR, this modification was of sufficient value to 

give a new designation of the equipment as SR-a. Mest 

fleet units and activities contacted expressed a desire 

for a 20 micro-second pulse in addition to the 4 micro- 
second puise incorporated in the SR-a on the theory that 
this greater pulse lensth would give approximately 1.5 

times the original range (assuming constant peak power). 
However, it is understood that Westinghouse has made ex- 
heustive tests with the two pulse lengths and concluded 

that little or no exte:.sion of range with the greater pulse 
length was accomplished. Other considerations, such as 
shorter tube life caused by greater average power con- 
Sumption, also made the inclusion cf the long pulse length 
imprecticable. Jt is recommended that a Single pulse length 
be retained in the SR-a equipment. The change of range 
scale from 400 to 200 miles on the "A" scope was desirable 
Since the equipment only had a maximum range of a little 
over 100 miles on air targets at medium altitudes, 


Ce Available reports concerning the SRea are 
very enccureging. Although some activities querried were 
reluctant to commit themselves with a flat statement, others 
are emphatic in their cpinion that the operation of the 
SR-a equipment is equal to, and in most cases superior 
to, the SK in many respects. Enough reports stress the 
ability of the SR-a to give good high angle coverage to 
indicate that the SR-a antenna has some definite advantages 
in that respect over the SC/SK. Although there are no fade 
charts available for comparison, operators are of the 
opinion that the fade ereas are about the same in number 
as those of the SC/SK but that they are of smaller extent. 
This seems reasonable in view of the different antenna de- 
Sign and increased power of the SR. 


Fs The antenna design of the SR allows the 
radiation pattern to approach more ideal characteristics 
than those of the SK. For most complete coverage and for 
best detection and medium range tracking of aircraft, the 
antenna radiation pattern should be narrow in the horizon- 


tal plane and wide in the vertical plane. This desirable 
trend in antenna construction meade its appearance with the 
SC-1 radar and reports from the fleet proved its superior- 
jty for high angle coverege over that of the CXAM and the 
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Ze AS compared to the SC-2/3 antenna the SR 
antenna design tends toward the narrow horizontal and wide 
vertical beam pattern, the main lobe being 20 degrees in 
the horizontal and 55 degrees in the vertical plane. Good 
high angle coverage is the major advantage resulting from 
the change. Further development along these lines is cf 
great importance and Should be carried forward until an- 
tenna patterns of 4 degrees or less in the horizontal and 
60 to 70 degrees in the vertical plane become practical. 


Maintenance Comparisons. 


he The SR-a or the SR is definitely superior 
to the SC/SK from the maintenance view point. The mechani- 
cal construction of the equipment is excellent with ade- 
quate test points at accessible places for completely 


checking all important circuits rapidly. Automatic over- 


load relays, open fuse indicators, panel tuning of antenna 
tank and duplexer circuits, receiver tuning at either the 
transmitter or console are but a few of the refinements 
which make the maintenance and adjustment of the SR-5 
easier and more rapid than that of the SC/SK series equip- 
ment. AS noted previously, the tuning of the transmitter 
was of such a nature as to offset all other advantages of 
the SR but the SR-a eliminates this difficulty almost en- 
tirely. It is natural to expect that until maintenance 
personnel can become thoroughly familiar with the SR-a, 
some difficulties can be expected with adjustment and 
maintenance, Similar trouble was experienced with the 

SC series of equipments when they first made their appear- 
ance in the fleet. Another important maintenance feature 
of the SR is the unit standardization incorporated in the 


construction. 


i. The SR-5 equipment is the SR-a equipment 
with the keyer unit located again in the main transceiver 
frame. This has the advantage over the SR-a in that all 
essential parts are located in the same frame rather thea 
having the keyer unit in a separate frame. The SR-5 also 
hes an improved synchro control unit. Otherwise, the 
equipment appears unchenged and the performance of the 
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the eperators angle was that supplied by the Radar Upera- 
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reports of the various ships. Most operators, particu- 
larly those with experience on the SC/SK, desire the large 
12 inch FRI seope supplied with the sc/SK rather than the 
7 inch vertical tube of the SR. Possibly this desire is 
coupled with the habits of operating the larger scope and 
the femiliarity accompanying it. Operators just starting 
cn both equipments seem to find the SR arrangement as good 
or better. The size of the console scope is not considered 
important for the 7 inch presentation of the SR will show 
up equally as well as that of the 12 inch tube. dHowever, 
the location of the controls does merit some consideration. 
With the SR, all controls are placed in a fashion which 
makes it necessary for the operator to raise his arms, 
sometimes to shoulder height, in order to operate then, 
While the SC/SK, they are eat a low level and are less 
fatiguing to operate. Further, with the SC/SK, the opera- 
tor, has only to raise his eyes to observe the "A* scope 
while with the SR, he must lean to the right to obtain 
target composition and accurate range. However, this 
eppears to be offset by the advantese gained by the stand- 
ard unit. The height of the equipment is awkward unless 

a special chair or stool is provided. This is a. minor 
consideration te be accounted for upon installation and 
hes no béaring on the merits of the equipment itself. 


k. The IFF presentation is a definite advan- 
tage, for the separate base line for IFF purposes does 
not permit interference in the IFF system to be applied 
te the "A" scope. This is important where large concen- 
trations of radars are operating and where IFF interfer- 
ence is heavy. 


Be The bearing indicaticn allows quicker ob- 
servation with the SR direct reading diel than that of 
reading the "bug" ageinst the bearing ring of the SC/SK. 
Since most of the bearings are taken directly from the 
PPI however, this is not a major edvantage. 


Me Dissatisfaction has been expressed in 
preciicaily all cases with the antenna speeds provided 
with the SR ecuipment. At present they stand at either 
l= or 5 RPM, the one being too diate for good Fighie: 


rk and the other being too fast for this 
equipment. Most ee heve remedied this with uneuthor- 
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ized modification in the field to allow operation of from. 
2 to 4 RPM and a Brepaces field change is scheduled for 
& variable rate from 1 to 5 RPM which will eliminate this 


Gifficulty. 








Conclusions. 


ne As previously stated, until such a time as 
a large volume of reports on the operation of the SR be- 
comes available, a final evaluation of the SR equipment 
Should not be made. However, several points are reason- 
ebly clear and lead to the following conclusions: 


Q. The present SH (unmodified) is not edequate 
or satisfactory in its present form to replace either the 
the SC or SK series radars. Short tube life, difficulty 
of adjustment and the accompanying short detection ranges 
make it undesirable. 


De The SR-a is superior to the 5R and the field 
change to modify the SR to the SR-a should be provided at 
the earliest possible Gate to all ships having SR instal- 
lations. Preferable to this is the replacement of the SR 
with the SR-5 or higher frequency models of this series 
equipment as they become available. 


Qe Comparative Trial data are required on 
200 me., SR-a radars and those of the new SR series air 
Search radars using higher frequencies, above 400 me. 


Submarine Air Search Radar. 


3. Tne following general characteristics are 
considered necessary for a submarine redar to efficiently 
detect air targets and to provide sufficient informatica 
for the submarine to teke effective countermeasures. 


Qe Range. The maximum range capabilities : 
should be- such that the submarine will have sufficient time 
to take defensive countermeasures before the aircraft can 
locate the submarine. Present ranges of submarine air 
Search radar have been from i5 - 18 miles which is not 
Satisfactory and must be extended particularily if the 
Submarine is to be used eas an early warning radar picket 


tT} 


dD. Bearings. The Bearing eccurecy 


ShouliGg be 
sufficient for the submerine to give accurate early warn- 
ing data to cther forces. 

Ce Resclution. The Yesolution in range and 


bearing hould be sufficient for the submarine to evaluate 


an eir ettack and to provide eccurate early warning data 
to other forces before taking necessary countermeasures. 
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d. Position Angle. The determination of posi- 
tion angle is necessary if the submarine is to be used as 
en effective fighter direction vessel. 


Ce Presentation. The presentation method 
should stress identification of friend or foe since the 
Submarine is very vulnerable to air attack. It should 
give a complete picture of air targets overhead as well 
as those approaching. 


f. Antenne. The submarine antenna should be 
as small as possibie to prevent visual detection. For 
this reason it is believed that periscope-mounted wave 
guide antennas are the most desirable. Since such an 
antenna inherently has a wide lobe, bearing accuracy may 
require the use of high frequencies and some form of lobe 
switching. 

Se Zenith Search. The submarine air search 
redar should be capable of giving complete vertical cov- 
ereags. The determinaticn of position angle is desirable 
in that it gives the submarine a better picture of the 
tectical situation, but this is not considered essential 
Since the patrol submarine is largely interested in the 
presence and general direction of an air target rather 
than its altitude. A wide vertical lobe antenna pattern 
in conjunction with FPI presentation should give indica- 
tion of a target in the vertical sector by producing a 
circle on the PPI scope when the antenna is rotated. 


h. Automatic Tracking, This feature is not 
considered necessary for the air search submarine radar. 


oT ve Frecuency. Because of the small antenna 
required the carrier output frequency should be as high 
as possible without suffering excessive interference from 
atmospheric conditions. 


de Shock Mounting. The shock mounting as now 
provided in the SV redars is considered satisfactory. 


Meintenance. The Maintenance requirements 


are the same as those set forth in Part II-B-l(h). 
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4. Evaluation of Equipment Types now in Use 


for Submarine Air Search. 
SD Series. 


Be The performance of the SD series for sub- 
marine use has not been very good. The disadvantages are: 
Insecurity from enemy interception, inability to detect 
low flying aircraft, and leck of bearing information. Since 
the submarine is not by choice an anti-aircraft vessel it 
was sufficient in the carly phases of the war merely to 
know that a plane was present, regardless of where it was. 
The weakness of insecurity from enemy intercept became so 
great that varicus forms of intermittent use were dictated. 
Patrol reports have shown that this radar was seldom used 
because of this bad feature. A replacement program is at 
present underway to replace the Model SD series on active 
submarines and should be carried out. 


SV Series. 


De This radar, being the first combination 
surface and air search radar for submarine use, has given 
excellent performance and has given ranges from 10 to 15 
miles on aircraft. Exceptional ranges on surface craft 
have been recorded and these are; 


Large Surface ship 60,000 yards. 
Small Surface ship 45,000 yards. 
Submarine Surfaced 35,000 yards. 


This radar will serve the needs of the present and near 
future, but the radar of the foreseeable future should 
have a radically greater range and complete coverage par- 
ticularly if the submarine is to be used as an early warn- 
ing picket. It is recommended that this radar be retained 
on all active submarines, installed on new construction, 
and steps taken to improve its coverage and range on air 
targets. 


oa Zenith ceerch Rader, The following gcen- 
eral characteristics 6 considered necessary for a Zenith 
Search radar to efficiently search ‘the aeeelaet Sector and 
te provide sufficient dat 
to be taken: 


Ge Coverage. The Zenith search redar Should 
cover a conical volume cf’ space through position engies of 
40 decrees to 90 degrees with a maximum Slant rangs of not 
less than 30 miles. 
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genith Search. 


It is desired to note thet development of Zenith 
Search redar should not have higher priority than efforts to pro- 
vide the best possible long range coverage. Atomic bomb consid- 
erétions exphasize this point. , 
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De Presentation. The presentation shculd be 
such that bearing, position angie and range are conveniently 
displayed. 


C. Methods Used for Zenith Search: 


Ae SG radar with Zenith search reflectors. 
Thig scheme necessitated the removal of the standard re- 
flector and replacing it with a special reflector to give 
zenith coverage. This obviously compromised the use of 
the SG radar as a surfece search radar and was not very 
convenient to use. Such a scheme is not considered set-~ 
isfactory and has not proven satisfactory where tried. 





Be SCR 720B. This method employed an sirborne 
radar using a spiral scan covering the overhead sector from 
position angles of 50 degrees to 90 degrees. This method 
is considered a more logical approach to the problem Since 
it only requires the addition of a light equipment specially 
suited for the purpose The SCR 720B is no longer used but 
it served its purpose as an interim measure. The design 
of an equipment to be used specifically for this purpose 
is consiGered essential and all ships of the active fleet 
should be equipped with such a radar as soon as practicable, 


7. Ship-Borne Control of Interception Radar. 
The following general charactericstics are considered neces- 
sary for any radar to provide sufficient data for control 
of interception aged nat attack by aircraft, glide bomb, or 
rocket. 


Qe Range. The maximum range capabilities should 
be cemparable to the range capabilities of the air search 
radar in order that interception data may be provided imme- 
diately after detection of the air target. Present inter- 
cept radars have given average ranges of about 60 miles, 
which was sufficient during the recent war. However, the 
predictable increase in target speeds makes it mandetor 
that the range be radically extended. The range accuracy 
Should be high enough to provide accurate tracking date. 

Lit is believed that plus or minus 200 yards ranre accuracy 





Will satisfy this requirement. 
b. Bearing. Since interception must be made 
at much greater ranges in the future, the bearing accuracy 
must be STRESS The bearing accuracy of the SP rader is 
about plus or minus .5 degree using the eight foot refiector. 
il - B - 15 
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COMMENT BY CINCPAC 
An entirely satisfactory Zenith Search radar has not 


been furnished to the fleet as yet. 
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This has been satisfactory since interception was made at 
relatively close pie hy However, if interception is made 
at 250 miles, an error of .5 degree means a laterial error 
of apr roximatel Ly 2 miles Bearing accuracy of .25 degrees 
or less should be the zoal in future intercept radar equip- 
ments, 


Ss Position Angle. The position angle accuracy 
should be as high as possible. The SP radar at present has 
a position angle accuracy of about plus or minus five milSe 
In terms of altitude tlLis is plus or minus 1000 feet at 30 
miles or 6000 feet at 240 miles. This is not considered 
Satisfactory for future use. Since position angle and range 
are used to determine altitude, the position angle accuracy 
should be in the order of 1 or 2 mils. 


Be Resolution. Resolution is an important 
requirement for the interception problem at long ranges 
and Should be improved in view of great target Speeds to 
bea expected in the future. 


esl 


Ge Presentation. The method of presentation 
must be such that all cata necessary to carry out the ine 
terception is conveniently displayed. Present equipments 
giving range, bearing, and altitude data are considered 
Satisfactory insofar as the method of presentation is con- 
cerned. Levelopment of Simulated optical presentation 
schemes and “look thru" features may be valuable. 


es Acguisition. The problem of target acqui- 
Sition assumes importance whenever a “pencil” beam radia- 
tion pattern exists. Since this is of necessity the type 


of beam used in an intercept radar, some means other than 
rocking the antenna should be provided to improve acquisi-. 
tion. It has been suggested that a nodding dipole or nod- 
ding waveguide feed shculd be provided for the purpose of 
vertical acquisition. Due to the excessive weight of the 
SP/SM entenna it is net considered practical to provide auto- 
matic antenna nodding such as is used in the “ark 28 Mod. 

2/4 TACU system. Spiral scanning and variable beam width 
shoulé be considered. 


_@ 





Aa OM Radar. The 5M reader Was the first ship- 
borne equipment designed for the control of fighter direc- 
tion. Its excessive weight (16,000 lbs.) limited its in- 
Stallation to large aircraft carriers. It was used for Low 


COMMENT BY CINCPAC 


i 
& 
3 


Evaluation ef equinzent now in use for control of 


a 


ion. 


intercent 


a 


An excellent analysis which is the resuit of fleet 
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: angle search and gave good ranges on low flying aircraft 
and surface ships. Since the performance of the SIM has 
been the same as that for the SP, the much lighter version 

. (9,000 1bs.), the difficulties and recommendations will be 

: discussed under the SP rader. 


De SP Radar. The SP radar is the lighter 
weight versicn of the Sti which permitted its installation 
on small carriers, battleships, cruisers and even special 
destrcyers. The performance of the SP has been good, with 
ranges of about 60 miles on medium height aircraft and 
reasonably accurate altitude data. This radar hes partially 
satisfied fleet needs for the past and will probably have 
to be used for the present and immediate future. Opera- 
tional reports have indicated the following difficulties 
to be existent: 


(1) D.C. step by step gyros caused an- 
tenna to hunt during small course 
chenges,. 


(2) The Mark 8 Mod. 3 stable element has 
been troublesome because it apparently 
lacks sufficient gain to operate fol- 
low up circuits without hunting. 


(3) The extreme complexity of adjustment 
of the stabilizing system as a whole 
has proven to be beyond the capabili- 
ties of most radio technicians. 


(4) The range unit calibration has proven 
to be too complex for rapid adjustment 
by the operator. 


(5) Communication, and bearing failures 
and excessive end play in various 
motor generators have been the cause 
of many failures. 
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Amplidyvne feilures have been numerous 
either Gue to the emplicyne being un- 


Gerreted or influenced by proximity to 
high power radio freauency fields. 


(7) Altitude Getermination has often been 
érratic because of the errors of the 
f Stabilizing systen. 
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The "B" modulator has proven to be 
useless because of poor design, 


The entire system is so complicated 
that average fleet technicians have 
been unable to cope with it. Partial 
satisfactory operation was obdtained 
largely through the efforts of fac- 
tory sngineers. 


The following Suggestions and recommenda- 
tions for improvement of the SP have been compiled from 
fleet reports and from personnel at the Electronics Main- 
tenance School, Oahu, T. H. 


(2) 


(5) 


Improved antenna control system neces- 
Sitating redesign of the follow up 
System and a lighter entenna,. 


Improved 600 cycle motor generator 
set used with the "A" modulator. 


Improved anti-hunt fe 


edbdback system 
in the Mark 8 Mod. 3 st 


sable element. 


(4) Modify equipment so that three modes 


of operation are pessible. These 
Should be true-stabilized, true-un- 
Stabilized, and relative-unstabilized. 
This is deemed necessary in event of 
failure of the stable element. 


latitude correction synchros should 
always correct for earth rotation in- 
dependent of relative-true operation. 


Provide means of disenseging bearing 


handwheel when slewing motor is used. 
The unbalance cf the heandwheel causes 
@ periodic varying search speed of the 
entenna. 


) 
) 


(8) Make calibration of range unit simple 


enoush for operator to accomplish. 
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(9) Provide stabilizing signal amplifier 
with electronic feedback circuit which 
can be Suitably adjusted to allow op- 
eration of the follow up circuits with- 
out causing hunting. 


It is recommended that SP/SM radars be re- 
tained in all ships of the active and inactive fleet until 


such time as the SX or a better intercept equipment becomes 
available, 
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Part II. 
Equipment Types. 
Section C. 

Fire Control Radar. 


i Surface Fire Control Radar. The follow- 
ing general characteristics are considered necessary for 
any radar to efficientiy control Naval Gunfire against 
surface and shore targets. 


ae Range. The maximum range capabilities shcould 
be such that a solution of the tracking problem can be ob- 
tained prior to the time the range has closed to a value 
consistent with the maximum effective range of the gun 
battery. In general, the fleet has found that the range 
capabilities of the latest types of surface fire control 
radars have fulfilled this requirement. The range accuracy 
of the latest types of equipment hes been satisfactory and 
commensurate with the range accuracy of the associated gun 
battery. 


b. Bearing. The bearing accuracy should be such 
that accurate tracking can be accomplished at maximum 
range and must be commensurate with the inherent defiection 
G@ispersion of the gun battery. This requirement has not 
been met by most of the present fire control radars. Re- 
cent specifications have required bearing accuracy within 
plus or minus cne to three mils. Meximum possible bearing 
accuracy is required for full radar control firing. 


Gs Resclution. The range resolution should be of 
the order of magnitude of 100 yards in order to permit 
tracking of targets close to land masses and to permit ef- 
fective fire on targets having approximately the same bear- 
ing and differing slightly in range, and to permit accurate 
spotting. Bearing resolution should be such that two tar- 
gets having a range difference less than the range resolu- 
tion of the ecuipment end = bearing Cifference ef one and 
one half Gegrees or more can be ciearly icentified ; 
Separete targets. 


Gis Spotting. Accurate spotting by ra 
essential requirement. All surface fire cont 
should be provided with the best possible mean 


ra 
spotting, both in range and ezimuth. In order to atc 
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this it is considered necessary to design all surface fire 
control antennae to permit horizontal beam scanning. The 
fleet has found that electrical beam scanning has been op- 
erationally satisfactory, but due to the complexity of the 
system it has not been practicable to service it adequately. 
The horizontal "rocking horse" antenna has also been oper- 
ationally satisfactory and is more easily maintained. How- 
ever it is recommended that experiments be conducted to 
Getermine the feasability of incorporating the nutating 
wave guide principle in horizontal scan antennae in order 
to further simplify the scanning mechanism. 


e. Presentation. The radar presentation should be 
és similar to optical presentation as possible. The B type 
presentation is admirably suited for this purpose and is 
also the best method known fer spotting. The fleet has 
found that equipments using the type B presentation have 
been more useful than those using other methods such as "pip" 
matching and "wonder spot". 


fs Automatic Trackin Automatic tracking features 
are considered very desirable. These features shouid be; 
automatic renging, automatic bearing follow up, wanual or 
tlock int control, automatic feed of range and bearing rates 
directly to the computer, computer aid circuits to permit 
continuous tracking during momentary target fades, and pro- 
visions for automatic display of target course and speed, 
own ship course and speed and other pertinent data to remote 
stations such as CIC, flag plot, bridge etc. A device simi- 
lar to the attack plotter as used in the anti submarine 
warfare problem should be considered in developing a method 
of displaying the data obtained. 





g. Frequency. The carrier output frequency of the 
surface fire control radar should be es high as practicable 
Without suffering excessive interference from atmospheric 
disturbances. The fleet has experienced some difficulty in 
the "Xx band cue to "trapping", phantom targets, and reduced 
ranges in misty or foggy weather but is highly satisfied 
With the higher resolution, greater accuracy, and lighter 
ecuipments obteinec by the use of tnese higner frequencies. 


nh. Shock Mounting. Little ceifficulty has been 
encountered in late moael equipments, such as Mark 13, &S 4a 
result of insufficient shock mounting. It is believed that 
continued normal developments along this line wiil correct 


any minor faults now existent. 
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i. Maintenance. The maintenance of radar equip- 
ment must be such that repairs can be accomplished in the 
minimum time possible. It is believed that this can be ac- 
complished by constructing the equipment on a functional 
unit basis with each unit being as light in weight and as 
small as practicable. These units snould be racked in the 
main frame ana be easily removable. Inter-unit comnection 
may be accomplished by the use of pin-jack terminal boards 
at the rear of each unit. Partial examples of this type 
of construction are found in most equipments, but the program 
should be carried out swore fully. If space conditions per- 
mit, it would be of advantege to have tench testing facili- 
ties which would permit servicing of the faulty unit et 
leisure after the rapid repair was accomplished by replacing 
the faulty unit with a spare. It is believed that necessary 
reductions in weight and size can be accomplished, as is in 
the case of many aircreft radars, by the use of miniature 
tubes and components ana higher frequency power sources. 

2s Hvaluation of single and double purpose 

Equipment Types n buriace Fire Contro 





a. Mark 3: This was the first fire control radar 
equipment used and is rapidly being replaced by more modern 
types. It operated in the 700 mc. band. This equipment 
had many limitations which made it umaccepteble for an ef- 
ficient fire control reader. These limitations were: in- 
ability to obtein accurate bearings; inability to give ac- 
ceptable range and bearing discrimination; inadequate pro- 
tection against shock and vibration within the equipment 
itself; limitea spotting capabilities. As an interim 
equipment in fire control radar development this radar 
served a very useful purpose. It is now obsolete and 
should be replaced on all ships in the active end reserve 
fleet. 


b. Mark 4: Since this equipment, although a 
double purpose redar, is the same as the Mark 3, witn the 
exception of its antenna and position angle scopes, the 
Same comments as mentioned above for the Mark 3 apply when 
this equipment is used for surface fire control. This 
ecuipment is ciscussed in subsequent peragraphs on am 


e@ircecrait Taaar. 


Ss Merk 8 Series: The Mark 8 Mod O main battery 
fire control rad was developed to eliminate the short- 
k 3 type radar. [It was the first equip- 
ment to employ 2 rapid iinear norizontal scanning béam 
using a "polyroc" ante This type of scan in conjunction 
f 


With the "S" pand frequency made use of type "BM" presen- 
tation which permitted spotting. The frequency used per- 
nad its resultant increase-in bearing 


mitted a narrower beam 4 
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accuracy. The chief disadvantages were extreme mechanical 
and electrical compiexity of the system as a whole end the 
excessive weight which limited its use to major combatant 
ships. The Merk & Mod 1 improved the maximum range obtain- 
able by use of a redesigned transmitter and receiver having 
respectively greater power output and greater sensitivity. 
The Mark & Mod 2 was developed in response to fleet require- 
ments that the range operation be removed from the director 
to the main battery plotting room. ‘The Mark 6 Nod % develoy- 
ment resulted in the following advantages: reduction in 


antenna weight of neariy 2000 pounds; an electri icaliv and 
mechanically simplified antenna; a greater maximum renge; 
better spotting capabilities resulti ng from the inherently 


better bearing accuracy and resolution and the better range 
resolution all resulting from the higher "xX" freauency band 
used. [It is recomuended that all Mark 8 radars be replaced 


by the Mark 13 (see paragraph (e) below) in all ships of the 
active postwar fleet. If there are insufficient Mark 13 
equipments now on hand or in production to supply the ships 
ef the inactive reserve fleet it is recomended that the 
Merk 8 be retained in ships of the inactive reserve having 
same until such time as new equipments fully meeting the 
requirements of the fleet cen be produced. All of the Mark 


8 equipments retained snould be brought up te the standards 
of the Mark 8 Mod 3. 


Gs Mark l2 Series: The Mark l2 Mod 0 was developed 
as a replacement mocel for the Mark 4 radar. This equipment 
has shown marked improvement in reliability, serviceability, 
range capabilities, side lobe suppression, and tracking 
accuracy. Its automatic tracking in range and the computer 
aid circuit are a partial answer to the fleet needs for 
complete automatic tracking features. Fleet reports have 
indicated that the spot presentation is a superior method 
for tracking in train and elevation, but circuit Sonia city 
make proper adjustment difficult. These reports alse indi- 
cate that the Mark 12 is superior to the lark & and has given 
very satisfactory results with the exception of having limi- 
ted spotting facilities, and insufficient range and bearing 
resolution. The Mark 12 Mod 1 is identical to the Mark le 


Kod G except that the range unit was removed fron the direc 
tor to the recer transmitter room. in adgaitic: Lhe 
limitations animes for the Mark 12 Mod 0, the Mark i2 
Mod 1 is limited by the manual range step control in the 
Girector permitting only a 300 yard per revolution change 
in range, and by the tcoasting" of the range step when 
using the slewing control. The test unit incorporated in 
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im»the transmitter has proved valuable, but it is difficult 
to keep in proper operation. When modifications are made 

to permit better control of the range step by the range op- 
eration in the director, it is recommended that Mark 12 Mod 
0 be converted to Mark 12 Mod 1 on all ships of the active 
and reserve fleet. It is further recomsended that the ark 
12 Mod 1 be retained as dual purpose fire control equipment 
until such time that a completely new radar system is devel- 


- oped which will satisry the minimum conditions for the fleet 


needs set forth in sections II-C-1l and II-C-3. 


e. Mark 13 Series: The experience gained through 
the limited use of this ecuipment hes shown that of all evuvip- 
ments now on hand it most nearly meets the requirements of 
the fleet as stated in section IJI-C-1. It has performed 
well operationally, providing excellent spotting, a high 
degree of range and bearing resolution, and good maximum 
range. The system is designed for the unit replacement 
metnod of repair to a greater degree than in previous 
types. However, there is still need for improvement in 
design in this respect. The equipment fails to provide 
automatic tracking features as discussed in paragraph (C, 
1, f). It is recommended that Mark 13 equipment be in- 
stalled on all new construction battleships and cruisers. 
It is further recommended that Mark 13 equipment be used 
to replace all Mark 8 series radar installed on ships of 
the active postwar fleet, and on as many ships of the in- 
active reserve fleet as is possible with the equipments now 
produced or in production. 


Te Mark 26 Series: This equipment was designed for 
use on Destroyer Escorts and auxiliaries and is limited to 


giving range data only. It is used with the Mark 52 direc- 


tor and originally served the purpose for which it was de- 
signed. However, if the ships on which the Mark 26 radar 
is installed are used for picket duty, as was done near the 
termination of the war, it should be replaced by a more 
versatile radar. Its performance within its designed limi- 
tations has been considered very satisfactory and it is 
recommended that it be retained for the use for which it 
was designed. 


£- Mark 26 Series: The Mark 26 equipment wes cri- 
ginally designea for automatic weapon control om large 
ships but was adapted for use with the obsolescent Mark 33 
Girector for secondary battery control on some large ships 
and for main battery control on some destroyers as am emer- 
gency measure. Its performance in the above connection Was 
inadequate. Fleet reports have shown that this inadequacy 
Wes caused by the following: circuit complexity of the 
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system as a whole, insufficient range capabilities to per- 
mit tracking beyond the range of the gun battery involved, 
inadequate spotting facilities and lack of automatic track- 
ing features. The advantages of the Mark 28 Mod 0/3 are: 
light weight, small space reouirements, adaptability to 
unit replacement, reasonably good range and bearing resolu- 
tion, and minimum side end back lobe radiation. It is 
recommended that the ldark 28 series be classified obsolete 
ror main and secondary battery rire control and be replaced 
by the Mark 34 Mod 2, 3, 4, or some superior equipment on 
ail ships of the active and inective fleet. If ecnanges in 
director systems permit the installation of heavier equip- 
ments it is recommended that the Mark 12 ( or Mark 13 if 
weight and space considerations permit ) be installed. 
The Mark 28 equipment lay prove useful as a general purpose 
fire control radar for small ships and auxiliaries because 
of its light weight and reasonable performance, and should 
be retained for such use where required. It is also con- 
sidered useful as a gunnery officers information radar and 
should be retained as such in large ships until something 
better is available. The Mark 28 Mod 2 and 4 was later 
used with Mark 63 eutomatic weapons control system and is 
discussed under Mark <8 in a later paragraph under AA fire 
control radar. 


cr Anti-Aircraft Fire Control Radar:- 


The following general characteristics are 
considered necessary for any radar to efficiently control 
neval gunfire against eaircreft, glide bombs, and rockets: 


Be Rangs:- The meximum range capabilities 
should be such that a solution can always be obtained prior 
to the time the renge kas closed to the maximum effective 
range of the gun battery. In general, the fleet has found 
that the range capabilities of the latest types of anti- 
eircraft fire control radars have barely fulfilled this 
reouirement for present 5" - 3& cal. batteries. It is bDe- 
lieved thet with the edvent of faster eircraft, guided mis- 
siles, and rockets, the maximum range of both radars ena 
guns must be radically extended. Development of a greatly 
improved long renge 4.4, fire control reder is therefcre 
mendectory. The range accuracy of the recent type equipment 
hes been satisfactory and consistent with the accuracy of 
the associated gun battery. (i.e. fuse times etc.). 


De Bearing:- The besring saccurecy should be 

en ee * ~ 4 See 5 ; 
such thet accurate tracsing can dE eccomplishea et meximum 
renge and such that gun-laying accuracy will be the equiva- 


lent of thet given by cytical methods The permissible 
error should not ve greater then i mil and should be as 
II -c - 6 








much less as possible. The recent types of anti-aircraft 
fire control recars have shown reasonably good bearing ac- 
curacy. However, with the increased speed of aerial targets, 
improvements must also be made in this respect. At present, 
the primary difficulty experienced by the fleet can be 

traced to the "human" error resulting from presentation 
methods (see Presentation) rather than from the inherent 
error of the radar system itself. The Mark 25 radar (now 
under contrect) is understood to have 4a bearing accuracy 

of 1 mil. 

Ce Position Angle:- The accuracy of deter- 
mining position angle should be the same as that specified 
above for bearing. Here again it is not so much the lack 
of accuracy of the equipment, but the leck of accuracy re~ 
sulting from the "human" error, caused by the method of 
presentation, thst is not acceptable. Position angle 
should be determined to an accuracy of plus or minus one 
mil for position angles from one degree to sighty-five de- 
grees, The cnly ecuipments which heave approached this re- 
guirement are the Mark 22 and Mark 34 which have been able 
to determine position angles as low as two degrees above 
the horizon. The Merk 25 radar is understood to be able 
to determine position engles to an accuracy of one mil. 


d. Resolution:- The rauge resolution should 
be about 100 yards or better in order that the "averaging" 
effect of multiple targets in the same general area, causing 
the radar to select the average point as the point of ain, 
will not be sufficient to permit the targets to lie outside 
the lethal radius of the projectile burst. The bearing and 
position angle resolution must also be sufficient to elimi- 
nate the effects of "averaging" in these components. It 
is believed that 0.65 degree beam widths may satisfy this 
requirement and it is understood that this will be the beam 


~width of the Merk 25 radar. 


ee Moving Target Indicator:- Tt is considered 
@essentiesl that a fire control raders ba 
provided with a moving target indicator system in order to 






me permit tracking of aircreft making epproaches over lend 
\masseg. 


ft. areget Acquisition:- All enti-aircraft 
fire centrol reders must be provided with a rapid and ef- 
ficient means of terget acquisition in order to permit 
tracking eas soon efter detection as possible. Provision 
should be made for manual or eutomatic locking of the scan 
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exis on the target after the target has been found by the 
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i 
3. Be Ge dy AA Fire Control Radar. | 
Agein it eppears necewsary to comment that Mark | 

25 Radar, although undoubtedly superior to those with which the fleet | 
as & whole is familiar, should not be considered the ultimate in design. 
Continued effort towards improvement is desired. It is understood that © 
the Mark 35 Rader integral in the Gun Director Merk 56 will provide a 
much superior systen. f 
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acquisition bear. "TACU", such as used in the Mark 28 

Mod 2/4 and the Mark 34 Mod. 2, has proven to be reason- 
ebly satisfactory, althnouga “there has been limited exper- 
ience with this equipment. It is recommended that experi- 
ments be conducted to determines the feasibdiiity of using 
nutating wave guide scan for target acquisition purposes, 
Another possibility for improving target acquisition systems 
may ve the use of variable beam width radiation patterns. 


Ge Spotting:- Accurate spotting by radar is 
considered an essentia. requirement for the accurate control 
cf long range end medium range gunfire against an eeriel 
targete All AA battery fire control radars should be pro- 
vided with the best possible means of radar spotting in 
range, deflection, and elevation, In order to accomplish 
this, two possibilities become apparent. These are: the uss 
of two antennas, one for vertical scan and the other for 
horizontal scan utilizing class "C' presentation (azimuth 
versus elevation) for the purpose of elevation spotting and 
cless "B" presentation (range versus azimuth) for the pur- 
pose of range and deflection spotting, or the use of a single 
gntenna employing a spiral scan and utilizing class "D" pre-~ 
sentation (azimuth versus elevation) for the purpose of 
deflection and elevation spotting and an "A" presentation 
for renge spotting. However, for dual purpose gun fire con- 
trol it is believad that the first method is more desirable 
Descriptions cf the Mark 25 radar which heve been received 
by this Board indicate that this equipment may be adaptable 
to the requirements set forth in this section, 


he Presentation:- The redar presentation 
should be as similar to the optical presentation as possible. 
The class "B" and cless "C" methods are admirably suited for 
this purpose and are also the best known methods for effect- 
ive spotting. It is also believed that an "A" scope should 
be provided for the range operator. 


te Autometic Trecking:- Automatic tracking 
features are essential for ail anti-aircraft radars ana 


essocieted guns. These features should be: automatic 


renging, eutometic beering end elevetion follow up, manual 
Or lock-in control, gutometic feec of range ene pest ine 
rates direct to the computer, computer eid circuits to 
permit continuous trecking during momentery terget SP 0B 

foc provision for eautometic Gisplay of targst cours speed, 
Give or climb angle, altitude, and other pertinent data to 
remote stetions. The range, beering and slevation rates (meds 
available by gutomati tracking) ussd in conjunction with 
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target present position data could well be used to provide 
an optical presentation of the overall air attack picture 
by using this information to control a moving light spot 
projected on a large plotting board. 


Je Remarks on Freaquenc Shock, Mounting end 
Maintenance: are the same as set forth in paragraphs (8), 
}, and (i) in Part II -Ce-l. 


The Evaluation of Eocuipment Types Now in 
Use foi Antl-Aircrait Fire Contro 


4e 





Be Mark 4j- The same remarks es set forth in 
paragreph Ti-C-2b apply with the following additional com- 
ments: This ecuipment has proved unable to obtain eccurate 
position angle deta st position angles below twelve degrees 
end is therefore inadequate for use against aircraft ettack 
at low position angles. The Mark IV radar equipment is now 
considered obsolete enc should be replaced on all ships of 
the active and inactive fleets. 


De Mark 12 Series:- The same remarks as 
set forth in II-C-zd apply to this series when used for AA 
fire control. In addition, difficulty has been experienced 
in obtaining accurate position angles on low flying air- 
craft. This difficulty was alleviated by the use of the 
Mark 22 in conjunction with the Mark 12 series. The fleet 
has found that this combination of radars is reasonably 
satisfactory within the limitations of the Merk 22 (See 
Mark 22). It is recommended thet the Mark 12 Mod. 1 - 
Mark 22 combinetion be retained on all ships of whe active 
and inactive fleet as a dual purpose fire control system 
until such time es « new equipment is developed which will 
satisfy the bssic recuirements for the fleet set fortn in 
paragraph Ii-C-3 ebove, 


Cie Mark 22 Series:= The Mark 22 Mod. O radar 
equipment was designed for use with radar equipments Mark 4& 
and Mark 12 to provide iow angle tracking of aircraft. 
This rader has proved very veluable when in proper cpera- 
tion. However, lack of sufficient coperstionel end mainten- 
ance vreinine and the ci Pours comr oLexity of the system be 
ceused the fleet serious difficulty in maintaining the eaui 
ment in operation. These difficulties have resulted from 

he following: - 


(1) The Klystron local oscillater, whose 
ity is sighly sensitive to temperature 
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changes, is located in the trensmitter unit on top of the 
director in a very exposed position. If practicable the 

transmitter unit should be relocated within the director 

or in @& compartment as near the director as possible. 


(2) The Mark 22 Mod. O provides only ele- 
vation informetion which is presented on a “collapsed” "¢c* 
scope giving elevation information only at the pointer's 
location in the director. It is understood that in ad- 
Cition the Merk 22 Mod. 1 will provide the more desirable 
feature of full "C" presentation at the range operator's 
position. 


{3) This equipment is not sufficiently 
shock mounted for ship board use. As a result, tuning dif- 
ficulties are experienced, especially in connection with 
the automatic frequency control features. 


(4) Accidental movement of external con- 
trols on the main freme occurs as a result of crowded 
conditions in tne director. It is considered desireable 
that these controls be recessed into the front penel. 


(6) Since the Mark 22 is "keyed" by the 
Merk 12, power supply breakdowns to the Mark 12 permit the 
Merk 22 magnetron to cool and be damaged if the Mark 12 
resumes operation pefore the Mark 22 is placed in the 
"standby" condition. This could be remedied by a modifi- 
cation to the Mark 22 ceusing the magnetron cathode heater 
to be automatically cut on when the tube starts to cool. 
Since the Mark 22 redar equipment has sided materially in 
fighting efficiency and since the above difficulties could 
be remedied without major changes in the system, it is recom- 
mended that the Mark 22 Mod. 1 equipment be retained for 
uss in conjunction with the Mark 12 Mod. 1 on all ships 
of the active end inactive fleets as 2 duei purpose fire 
control system until such time as new equipment meeting 
&4ll the basic requirements for the fleet set forth in para- 
greph II-C-3a is produced, 


a. Nerk 2& Series:—- The Merk 2&8 series 
racer equipment hes bpeen oliy pertieily setisfectory 6S & 


quel purpose radar system with the Mark 33 airector, but 
hes been réasonably setisfactory eas a heavy machine gun 
fire control racer with the Mark 63 director. 


Tne Mark 26 Mod. 0/3 equipment, as used 
with Wark 33 directors for dual purpose control, snowed tne 
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following difficulties in addition to those listed in para- 
graph II-C-2g: serious aifficulity in locating air tergets 
and poor position angle determination on low flying eir- 
craft at position angles of 6 degrees or less. The Mark 28 
Mod. 2/4 equipments had the additional feature of a target 
acquisition unit which sided greatly in loceting air targets 
and permitted these equipments to be used with the Mark 23 
director system. It is recommended thet the Mark Z6 Mod aie 
be classified obsolete but that it be retained with Mark 33 
directors only until such time as the Mark 33 director 
system is replaced by a satisfactory director system. It 
is further recommended that the Mark 28 Mods. 2, 4, used in 
conjunction with the Mark 63 director system, be replaced 
by Mark 34 Mod. 2, 4 on ships of the active fleet, but re- 
tained on ships of the inective fleet until such time as an 
equipment is produced which will meet the basic requirements 
f the fleet as set forth in II-~C-3a. The Mark 28 radar 
Deas been used to adventege as a gunnery officer's informa- 
tion radar in large ships and should be retained as such 
until something better is available. The Mark 28 may also 
be useful for installation on auxiliary types of ships as a 
general purpose fire control radar. Many such ships that 
will remain in active service heave no adequate fire control 


SH 
— radar. 





6. Mark 34 Series:- There appear to be very 
marked advantages to the use of 3 centimeter radar systems 
as compared with 10 centimeter systems for blind firing 


-control of AA automatic and heavy machine guns on ell types 


of ships. The Mark 34 series radars are composite equip- 
ments using 3 centimeter transmitters and antennas. The 


present status of the various Mods. is understood to be as 


- follows: 
Mod. 1 - Never produced. 
Mod. 2 - Uses ST transmitter and Mark 2&8 
Mod 2 below deck components. 
Mod. 3 - Uses Mark 19 below deck components. 
Mod. 4 - Uses Mark 28 below deck components. 


wm Little actuel bettle experience Las been reported for the 


Merk 34 series because it is e recent instealistion, 

ever, operational training exercises have indicated that 
this is an excellent recdar with worthwhile advanteges over 
Gearlier systems. The fleet desires that this type of 
equipment be capable of full automatic tracking in all fu- 
ture design and planning. In the interests of stendardi- 
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zation it is recommended that the Mark 34 Mod. 3 be classi- 
ied Sueehoe and thet tLe Mark 34 Mods. 2/4 be used to re- 
a 


lace the Mark 28 ods. 2/4 in Mark 63 and Mark director 
ystems on all aye of the active fleet. Consideration 
should be given to similar replacement on ships of the in- 
active reserve, 


Te Mark 25 Series:- Thies reader, now under 
contract, will probably satisfy many of the present re- 
quirements for ean efficient anti-aircraft fire control 
redar. It is a combined 1.25 end 3 centimeter automatic 
trecking system with an overail weight of 4000 lbs. The 
performance to be expected and the specifications cf désign 
ere listed in "Redar Survey" Section II page 2 - 69,70,71. 
If the Marx 25 redar meets specifications it should be in- 
stelléd in geil appropriste units of the active fleet. 


be Submarine Fire Control Radar. The fol- 
lowing general characteristics are considered necessary 
for a submarine fire control radar to control efficiently 
torpedo, gum, au0 rocket fire. 


Be Range. Thé ranges capabilities of sub- 
merine fire control radar should be such that a solution 
of the torpedo or gunfire problem can be reached before 
the target should be fired upon. In the case of torredo 
attack part of the approech phase mey take place cn the 
surface. This will require a maximum range of racer equip- 
ment of about forty to fifty thousand yards on large com= 
batant vessels to permit the necessery surface run to gein 
position fcr attack. The range eccuracy of the latest 
type radars has been setisfactory. Should the techniqus 
of ene sae detection by redar improve, the maximum 
range should be increased to give a region in which the 
pabaenttish can operate on the surfece undetected. 


b. Bearing. The bearing-eaccuracy should be 
improved as much 6S possible as the state of the art pro-« 
resses. The bearing accuracy of the Model SS-1 radar is 
a eee ery for torpedo fire. If it is intended to Keep 


» GUL ermeaméent on submarines, reders with beering accuracy 
Similser to t fire pee eos reders on surfaces ships shoud 
be employec, and the submarine equipped to use reader sou- 
trol of gunfire. 

Ce Resolution. The range resolution should 


or less to permit the track- 


be in the order or 100 s 
f t oc] he shoreline and for spotting 


ing of 4 tal 
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he f. Mark 25 Series. 


The latest information available is to the effect that 
three centimeters only will be employed in the radar Hark 25. The 
Gun Director Mark 56 with associated radar Kark 35 and built-in 
conputer may prove to be such 4 superior system that curtailment of 
the radar Mark 25 development program will result. It is understood 
that both cf these systens are under intensive study at present and 
opereting tests of the radar Mark 35 in Gun Director Mark 56 are 
scheduled for the near future. However, radar Mark 25 appear to be 
the ultimate radar for the gun director Mark 37 system. 


‘unless en extremely short weve entente is cesignec 





gu.firs, Bearing resolution which will distinguish ten 
thousand ton merchant ships which sre 1000 yards apart 

at a range of 40,000 yards is desired. It should be prac~ 
ticable to evaluate a contact on a group of ships at that 
renge in order that the 0.T.C. may be adequately informed 
of enemy composition, course, speed, and formation before 
the submerine Gives to attack. 


de Spotting. Accurate spotting by reader is 
al essential requirement. The low height of 6ye on a sub- 
marine makes opticel spotting erratic. The latest redars 
permits spotting in range only, Improvement in beam 
width for deflection spotting is needed. 


6. Presentation. The radar preseztation 
should be as similar to the optical presentation as pos- 
sible. The PPI scope and "B" scope now furnished is suit- 
able for attack on surface targets. It is apparently not 
the present intention to use submarines as anti-aircreft 
vessels. Should this become necessary some other form of 
presentation should be provided to include the third dimen- 
sion similer to that required for surface ships AA radars. 


f. Automatic Tracking. Automatic tracking 
features ere very aesirable for submarine fire control. 
The solution to the torpedo problem, because of complicated 
zig-zag plens which will be used by the enemy, will require 
a computing tracking mechanism with 6very possible feature 
for predicting the enemy's course and speed during the 
torpedo run. An integrated fire contrel system is naw 
under development and is Known as Computer Mark 31. Ones 
trial installation, using some of the latest features, is 
installed in the U.S.S. SEALEOPARD, and there are many 
faults in that system. Automatic tracking features should 
be improved for submarines to include every possible aid 
to the solution of the problem. 


Be Frequency. Because of the resulting in- 
proved beem shape, a high freauency is desirable. It is 
believed that no special frequency is needed for submarines 


amc sists 
Merged work et night. The present periscope recer does nc 
resolve sufficiently in bearing to permit its use ait times 
when a bearing cannot be odtained optically. Submarines 
have used their redars for inter-communicaticn with some_ 
success. Having ell submarine redears in the seme general 
bend would facilitete this but would increese interference 
among readers and vulnerability to enemy jamming. Severel 
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comments have been heard suggesting that submarines use 
radar to talk to friencly escort types. These questions 
ere further discussed undsr the IFF section. It is recom~ 
mended that submarine radars use the optimum frequency band 
required to obtain desired (radar) performence and that no 
perticular effort be made to have different ships use 
widely different frequencies. Communication among sub- 
marines and surface creft can be more efficiently handled 


in other weys. 


he. Shock Mounting. Present shock mounting for 
submarine raders 1S setisfactory. 


i. Maintenance, The maintenance problem must 
be considered eas a part cf the standardization progrem. 
Small, lightweight functional components with plug-in con- 
nections appear to be the best answer to the problem of 
Maintenance. Standardization will result in less time 
spent in training personnel to service various radars. 
Because of the small spaces and in soms cases the unusual 
geometric shepes of available spaces in submarines, neat 
stacks of equipment are uot possible, but if components 
ere of the plug-in type repair will be an easier matter. 


6. Evelustion of equipment types now in use 
for submarine fire control. 

Bic SJ Series:- The SJ series radars served 
their purpose weil for torpedo fire control, but the method 
of presentation (A and PPI scopes) and poor bearing accuracy 
Go not make it particularly suited for an all-purpose fire 
control radar such as the SS radar. (See additional comment 
under Submarine Surface Search Radar). The SJ series radars 
are considered obsolete and should be replaced in all sub- 
merines by the SV - SS combination. However, the training 
program will not be mace less effective by its continued use 
until it is repleced. 


Be ST Series:- This radar was ean immediate 
success from the electronic stendpoint but, being a peri- 
scope reader required e slightly lerger head on the periscope 


e 
This feature compromises visual Getection, but this i 
offset by the rapidity of cbservation viving sll necessary 
informetion on the terget in 3 or 4 seconds. Since the SS. 
radar will be installed, it is recommended that the ST 
radar be retained for training purposes until such time as 


the model SS is instalied. 
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GO SS Series:- This equipment has not been 
used on patrol during the war but tests have proven it to 
be ideal for tie submarine fire control problem. It nas 
a range resolution of 75 yards, a bearing resolution of 
1 degree, range accuracy of 15 yards plus ons percent of 
the ranges, and bearing accuracy of .25 degres. The type 
of presentation, being either class A or B, mekes it useful 
for gun control and spotting as well as for torpedo control. 
It is recommended that the SS radar be used to replace the 
SJ and ST radars on active subiuarines as soon as practi- 


cable, 








Section G 


Airborne Eerly Warning Equipment 


Me AEW as a system, has not been used opera- 
tionally except in tests et CIC GTC Brigentine and on the 
USS RANGER, in both cases using pre-production or experi- 
mental equipment. 


ae The installation in the USS BUNKER HOLL is 
she first complete shipboard installation and was only re- 
cently given its first operetional test. An installetion 
wes mde in the USS HORNET but as vet it is untried. 
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36 There ere several recommendations to be 
made regarding the maintenence of the AEW gear on board 
ship. A separate maintenance shop should be provided; it 
is impracticable to service AEW in the usual shop instal- 
iations, because of size and weight, Also, a test bench 
set-up seems particularly uecessary even et the expense 
or removing some other installation. 


he In view of the fact that the equipment is 
new, 2nd it is not known which components will give trouble, 
there should be a stock of spares within a reasonable dis- 
tance of the operating area of the carriers. At least 
200% spares should be carried until service tests prove 
which items ere most needed and the inventory of the spares 
can be changed accordingly. 


De At present AEW receivers are not being fur- 
nished to ships other then the parent ships. Considera- 
tion should be given to placing equipment in other types 
such as Flieet and Force flegs, pickets and submarines. 


Ox The present form of AEW radar is considered 
to be of limited end problematical future value unless it 
can be redesigned to detect targets over land masses end 
elimineste see return. The need for an airborne rade> 
picket reder is Giscussed under Pert Ti, Section A cf this 
report. 
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It is recommended that AS. equipment already developed 
be given 2a thorough trial in the fleet, It has definite desirable 
characteristics. In view of the complexity of the AV arrangement in- 
volving air operations, plane~to-ship relay of radar signals and 
difficulties of interpretation of the pattern presented on shipboard 
as relayed from a fast moving radar, many problems are presented 
which must be worked out at some length. Improvements are needed in | 
the equipment and the development of effective operating procedures 
must be completed before the full value of this equipment can be 
realized, Attention is invited to the previous commerit on paragraph 
17, page I - 7, regarding the potential value of this equipment for 
the exercise of commznd in the air. 
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Section J. 


IFF Equipment. 


Le Despite the important and useful service 
rendered by the Mark III IFF system, reports from the 
Fleet indicate that this system is considered to be gen- 
erally unsatisfactory. Faults reported were, in general, 
as follows: 


Be Unreliability. Except for submarines, which 
have hed fair to good results with the present system, re- 
ports indicate that the best results have been obtained by 
larger units of the fleet. This is believed to be a result 
of the fact that larger fleet units generally have a greater 
number of technicians qualified to service IFF equipment. 

It is felt that a system which requires constant expert ser- 
vicing to produce reliable performance, and which does not 
have the full confidence of the fleet, will be of very 
limited usefulness, It is therefore felt that every ef- 
fort must be made to insure the maximum of reliability, 
Simplicity, standardization, and facility of servicing 
(including accessibility and the provision of carefully 
prepared instruction terks). 


De inability to discriminate between targets. 


This is caused by insufficient discrimination in range, 
bearing, and elevation. The most important manifestation 
of this fault has been the loss of enemy targets as they 
approach friendly targets. As a result of the non-direc- 
tional characteristics of some IFF antennas, and of back 
and side lobe radiations from directional IFF antennas, 
enemy targets were often confused with friendlies when they 
approached the same range as friendly targets, even though 
the bearing of the friendly and enemy targets might be as 
fer apart as 180 degrees. Other aifficulty was encountered 
when variations in the pulse length of IFF signals caused 
variations in range discrimination. War-time experience 
has indicated the necessity for providing 1FF equipment 
with range, bearing and elevation discriminations equal 

to that of the radar with which it works. This is con- 
Siderec to be of great importance for IFF equipment dae- 
Signed tc operate with fireé-control redars. . 


Ce Antenne size. As a result in the greet 
increese in the numbers of electronics equipment installed 
in Naval vessels and of the consequent increase in the 
number of antennas, serious interference has developed 
between the antennas of Gifferent electronics equipment 
resulting in serious distortions of electronics antennae 
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radiation patterns, often causing blank spots in radia- 
tion patterns on some bearings. In order to reduce to a 
minimum the interference of IFF antennes with the radia- 
tion patterns of other equipment, it is imperative that 
IsF antennas be made as small as possible consistent with 
the required range, bearing, and elevation discrimination 
characteristics, In order to accomplish this it is rec- 
ommended that the use of higher frequencies for IFF, be 
exploited to the fullest extent. 


G. Lack of security. Reports of enemy use 
of IFF equipment having signals similar to cur Mark III 
System at times caused considerabise perturbation in the 
Fleet. The security of our IFF system is of great impor- 
tance. In order to maintain such security, some system 
of coded challenges and responses is required. This sys- 
tem should provide for the continued use of equipment, 
and for security, even efter the basic equipment has been 
compromised. In order to provide additional security, it 
is felt that provision must be made for the identification 
of ships and aircraft by means of local triggering of coded 
radar Signals or of coded I¥F signals in addition to pro- 
visions for distant triggering of IFF transponders by 
friendly IFF transmitter-responders. For identification 
without interrogating and triggering of distant transmitter- 
responcers, the use of coded modulations superimposed on 
own radar pulses to be identified by friendly RCM intercepts 
is considered to be a necessary development. 


Ce Inability to discriminate between differ- 
ent sroups of friendly targets. In many cases where dif- 
ferent codes of the Mark III system were used in an attempt 
t. provide for identification of different groups of friend- 
ly craft much loss of time and inaccuracy occurred, as a 
result of tne necessity for very close examination and 
lengthy thought processes un the part of operators. The 
type of presentation of IFF signals on present indicators 
makes it extremely difficult to discriminate between dif- 
ferent IFr code responses, particularly at long ranges. 

It is felt that in the improved IFF, codes used should 
provide for the identificetion of at least twelve differ- 
ent groups of eir and/or surfece creft simulteneously, 
and should provide facilities for varying the code used 
within each group at least twelve times within twenty- 
four hours without recuiring the return of aircraft to 
Carriers or shore bases for the accomplishment of such 
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changes. A definite need sxists for two types of IFF 
indicators. One type should differentiate only between 
friend and foe and should light a red light or ring a 
bell (or both) when a target is interrogated and fails 
to give a friendly response. The utilization of indi- 
cators which show friendly and enemy units in different 
colors should be valuable on PPI scopes as part of this 
purpose. The other type of IFF indicator should differ- 
entiate not only between friend and foe, but aiso be- 
tween different types or groups of friendly craft. The 
type of indicaticn used for both purposes should be com- 
pletely automatic and should not required either careful 
examination or lengthy though processes on the part of 
the operators. The second type may take longer end have 
much more restricted presentation than the first. 


f. Difficulty of keeping IFF equipment set 
on proper frequencies. in the present state of the art, 
iff systems which operate on a spot frequency are unde- 
Sirable in view of the probable difficulties in lining 
up all equipments on the same frequency and keeping them 
so aligned. A reasonably broad transmitter and receiver 
are desirable to improve reliability of responses. 


Ze Lack of IFF equipment on fire-control 
radar. The inability to discriminate between friendly 
and enemy targets on the screen of fire-control radars 
has been keenly felt. This was especially true in the 
case of friendly and enemy planes in close proximity. 
While jury-rig IFF equipment, and lately Mark 32 fire- 
control IFF, have been mounted on some gun directors, 
and a moderate degree cf successful operation was obtained 
therefrom for both main and anti-aircraft batteries, the 
utility of these installations was severly limited by 
the short-comings of the basic Mark III IFF equipment, 
as discussed above. It is considered essential that 
each fire-control radar be equipped with IFF capable of 
repid identification of its own target. The perfection 
and installation of satisfactory IFF equipment on all 
fire-control radars on active Fleet vessels should be 
given a high priority. : 

Lack of IFF fecilities in reder counter- 


sie 


measures ecuipment. The inability of reader counter- 


measures operators to discriminate between Signals of 
friendiy and enemy creft at times caused considerable 
confusion, It is recommended that serious study be made 
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as to the desirability cf incorporating IFF features in 
radar ccuntermeasures equipment. The value, to a sub- 
marine for example, of being able to positively identify 
friendly radars without making any interrogating trans- 
mission is obvious. 


is lack of stancardization. The failure to use 
Standardized components, Standardized cabinet and mounting 
facilities, standardizec power supplies, and standardized 
output impedances caused many unnecessary difficulties. 
AS an example: In an attempt to attain directivity of A- 
band IF*, BO antennas were used with EN interrogators. 
This resulted in an increase of directivity, but caused 
fairly considerable decreases in maximum range because of 
missmatch. If more than one system of IFF is developed, 
it should be designed to be used in the Same cabinet, or 
at least to be installed in the same space, and to oper- 
ate with the same power Supplies and connections, so that 
installations in the Fleet can be varied in as shorta 
time and with as little work as possible during war-time. 
any new IFF system developed should be standard for Army, 
Navy, Marine Corps and Air Forces. 


2. This Board does not concur in the opinion 
expressed in paragraph 4(e) of CNO letter serial 001402254 
of 15 October 1945 tc the effect that IFF development should 
proceed separately from radar development and that an IFF 
system should not be included in detection radars until 
the characteristics of new IFF systems are known. It is 
realized that Mark V and Mark VI IFF systems, although 
improvements over the Nark III system, still leave much 
to be desired. It is felt that a new series of approaches 

* to and studies of the IFF problem are required along lines 
indicated herein. It is felt that IFF must be developed 
hand-in-hand with new search and fire-control radar sys- 
tems, and with radar countermeasures equipment. Further- 
more, regardless of the progress of IFF studies and de- 
velopments, it is felt that provisicns for IFF should be 
included in each search anf fire-control radar and counter- 
measures system in order to insure that the Fleet can bs 
prevered in minimum time to conduct offensive SPER Oae 
utilizing the letvest types of equipment ecuuelly ave iil- 


erable. Arainst an alert and modern equiuped enemy, an 


‘adequate IFF will be a most vital part of every radar 
system. 
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2 It is felt that some unwarranted apprehension is indi- 
cated here on the part of the board. Cincpac does not interpret 
Paragraph 4(e) of CNO letter serial 00140225A of 8 October, 1945, to 
preclude the proper coordination of radar IFF and RCM development. , 
It is recommended that all possible means of electronic identification 
be investigated with a view to early developuent of a satisfactory 
IFF system to replace the Mark III. A reserve system should also be 
provided. 
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Part II. 
Equipment Types. 
Section K 
Countermeasures (RCM 
General Comments. 


ah, Research and development to improve 
countermeasures methods and equipment should be vigorously 
carried out. Our present equipment should be redesigned, 
unified as to racks or cabinets and power supplies, sim- 
plified and made more flexible. Improved directional 
intercept receivers are required. Better radar jamming 
and radar decption equipment is needed. Better means of 
diverting or nullifying electronically guided or control- 
led missiles are needed. It is considered that RCM ac- 
tivities should be a part cf, or controlled by CIC. Our 
ships ang aircraft should make continued and determined 
efforts to intercept strange electromagnetic wave radia- 
tions in all perts of the world. Knowledge of what other 
nations are doing is vital in this field. 


a; ELECTRONIC DECEPTIVE DEVICES. 





aie Electronic deceptive devices have not 
played a major role in the Pacific Theatre. ‘The decep- 
tive device wnich wes available for use against the Jap- 
anese was Moonshine, aN/aP{-15. The inadequacy of the 
Japanese racar made the use of this deceptive device not 
worth while 


Dd. AS racGar and operating techniques improve 
throughout the world, it probably will be necessary to 
have various electronics decptive devices developed for 
use against air search and fire control radars. In spite 
of the cost of research and the lack of evidence of the 
value of these devices to date, it is recommended that 
the Navy continue ceveiopment of re devices and ex- 





perimentetion with new ideas. Production should be limited 
to those needed Zor test ana aiine purposes, 
Be NON-ELECTRONIC DECEPTIVE DEVICES. 
a. These cevices, in general, consist of 


window , Balloon~suprorted ines end corner reflectors 
of various types. Such devices were not cnly used in an 
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attempt to deceive the enemy, but 


so for training our 
ets of life rafts, 
t 


als 
radar operators end maxing radar targ 
rafts for radar-con- 


for search parties, and of target 
trolled gun practices. 
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Be. Such devices have been used by our air- 
craft, surface vesseis, and submarines with good results 
and have proved to be valuable weapons. They are light- 
weight, rugged, and easy to use. 


Gi. It is recommended that experimentation 
with non-electronic deceptive devices, both propelled and 
non-propelled, be continued. Production should be limited 
to those recuired for test and training purposes. Small 
stocks of any specially useful device developed mene be 
useful in an emergency. 

hw 


CONTROLLED DEVICES COUNTERMEASURES (ROCCM 





a. ROCCM has not been used in the Pacific be- 
cause the Japanese did not employ radio operated control- 
led missiles, proximity fuzes, and similar devices against 
cur forces as did the Germans. 


bh. Several DE's in the Pacific were equipped 
with intercept, analysis, and jéemming guided missiles 
countermeasures ecuipment for use in the event that the 
Japanese used such missiles against us. 


Cc. Radio operated controlled missiles employ- 
ed in a next war probably will not use the same frequency 
range as Gid the ones of the recent war, vut the necessity 
for combating such devices will be ever increesing. 


CG. The same recommendation is made for ROCCH 
as was made for COHCM in that section. 


5 COMAUNICATION COUNTERMEASURES (COMCM). 
a. BEY hes been used very little by the 

Fleet in the Pacific War. Attempts have been made on séev- 
eral occasions be jam enemy radio communicetions by CW 
interference using ctanéard shipboerd recio trensmitters. 
The UL (XCE); type moduletors for standard shipboard 
Mitters have not been used in jamming operations 
as far as is mown. 


tS 


+ 


b. It is recommended that the development 
ei CONCM and ROCCM ecuipment be carried on simultaneously 
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with a view to using the same or similar equipment for 

both purposes. It is believed that ROCCM should be given 
the higher privrity in view of the probability of the 
greater use of radio operated controlled missiles, prox- 
imity fuzes, and similer devices. However, COMCM should 

not be overlooked and may prove very important in the future. 


6. INTERFERENCE WITH VT FUZES. 


a. The introduction of Vf prejectile fuzes 
opened another excelient possibility for the use of counter- 
measures by the enemy. There is no knowledge of the enemy's 
use of jamming for the purpose of causing premature detona~ 
tion of VT projectiles, but there is evidence that during 
the operation for the capture of Okinawa, VT projectiles 
were detonated early, presumably by interference from our 
own radars. Signals from the SP, SCR 584 and other S band 
radars might conceivably trigger tne fuze if the projectiles 
path crossed the radar beam. This aspect of jamming merits 
consideration and investigation both from the standpoint of 
adequate protection from enemy countermeasures and the 
development of devices for use against enemy projectiles 
of a similar nature. 


7. POST-WAR EMPLOYMENT OF RADAR COUNTERMEASURES. 


It is recommended that the every-day em- 
ployment of RADCM be prosecuted with vigor. With this in 
mind, the following recommendations and comments are offered: 


a. The training of radar technical and non- 
technicai personnel in schools should continue as it is 
presently carried on. All commissioned personnel should 
become familiar with RADCH, its capabilities and limitations. 


b. Training afloat might be as follows: Fleet 
training exercises could be participated in by all ships 
and aircraft ecuipped with RADCM equipment. Exercises 
would include the interception of cur own radar signals (or 
of strange signals produced to simulate enemy radars) deter- 
mining the bearing, and finally the electronic jamming of 
such racars or Simulated radars. Operators of these victin 
readers woule then attempt to minimize the effects of suc! 
jamming by means of the various AJ techniques. Coordina-— 
tion of RADCK end CIC must be stressed in order to obtain 
the maximum benefit from such fleet training exercises. 


e. In order to familiarize operating person- 
nel with the raders of cther countries of the world, 
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intercept receivers and direction finders in our ships 
and aircraft should be used while in the vicinity of 
foreign countries anc in their ports, for reasons given 
earlier in this report. To aid personnel in identifying 
the signals of ovr ovm radars, the information concern- 
ing their characteristics should be promulgated to all 
ships and aircraft as necessary. Sufficient and accurate 
information concerning cur own radars was not available 


ay «3 ae + Teele +4 le + +h 5 
to all ships of the fleet until late in the war. 


Ge One of the greatest lessons of the war 
in the Pacific was the realization of the necessity for 
adequate intersnip communications for RADCM control. 
Should RADCii assume greater importance, it might be nec- 
essary to assign a seperate communication channel for its 
control. It is felt, however, that existing radio chan- 
nels, as employed during the war, will suffice. Training 
in radar intercept reporting and control of jamming must 
be conducted in order to familiarize our personnel with 
RADCM terminolcgy. In order to maintain the proper secu- 
rity of our own radar frequencies, our training and poli- 
cies, line of sight UHF voice channels in lieu of HF or 
VaF chennels should be employed in these training exer- 
eises. 


e. The countermeasures organization on board 
ships should be a part of the CIC organization although 
the actual RCii eacuipment need not, and usually should not, 
be in CIC. All information obtained by RCM intercepts 
should be delivered to CIC and evaluated by the RCM Con- 
trol Officer witnout delay. Instant action and decision 
on intercepts of enemy radar is usually of great import- 
ance. Delays in handling intercept information cannot 
be tolerated. CIC shouid control both intercept and 
countermeasure subject to the policies and decisions of 
the embarked Flag Officer, if there be one and the Cap- 
tain of the ship. Flag Officer and Captain must be kept 
informed on HCh matters and make basic decisions. 


2. RADCM INTERIOR COMMUNICATIONS. 
é. interior communications between RADCM end 
CIC has consisted meiniy of the use of sound powered tele- 
phones. Tnis HaDC circuit often has been snered with the 


v 
raGar operators! circuit or others, which has often re-— 
sulted in confusion. 
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» b. Good interior communications are essen- 
tial between the two stations since both must work together 
in order to obtain the best results from each. It is re- 
commended that there be a separate sound powered telephone 
circuit between these two stations on all types of ships 
in erder to obtain good interior communications. Ifa 
particular ship desires to have RADCLI on a sound powered 
circuit with other Oar e ees they then can parallel the 
circuits as desired. t is advisable that RADCM be one 

of the stations on one of the shipts MC systems in order 
to provide a secondary (or it might become a primary) 
means of interior communications. 


INTERCEPT ECUIPIENT. 
9. General. 


a. It is recommended that the various pieces 
of equipment comprising the radar intercept receiving and 
direction finding system be integrated into one rack or 
cabinet. Since the receiver must always be accompanied 
by its associated equipment, the pulse analyzer and pano- 
ramic adaptor, it seems logical that the complete equip- 
ment should be considered as a unit. There should be 
free access to component parts for ease of repair and 
maintenance. Such a design wovld eliminate the trouble- 
some patch cords now used and would decrease the size 
and weight of RADCS installations. 


e. It is recommended that adequate test equip- 
ment be provided each ship equipped with radar counter- 
measures ecuipment. Such equipment is essential for the 
proper and continuec calibration of receivers and jammers 
and for the periodic lining up of the receiver and pano- 
ramic adaptor. 


Qe Careful consideration should be given to 
the redesign of all RADCN equipment. Much more sensitive 
and selective equipment is required, capable of receiving 
any enemy frequency and teking accurage bearings on puised 
Signals uo to the upper frecuency limit of our ovwm radars. 
Present equip ent is inadequate in many respects: (1) leck 
OQ: selectivi (2) inability to take accurate Girection 


ii 
ty, C 
finder bearings, and (3) cifficulty cf maintenence. 
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size and weignt and the requirement for ali-roium 
coverage, utilizing a minimum number of antennas. Same 
ships now reguire at least two antennas of each receiv- 
ing type to obtain 360 degree coverage. Direction find- 
ing antennas have often been blanked out in some Sectors, 
ague to poor choice of locations. 


20% AN/SPR-1 


a. The AN/SPR-1 radar intercept receiver 
has operated with very rew electrical or mechanical fail- 
ures and has stood up well under long periods of service. 
However, it is not a satisfactory piece of equipment for 
the future. The selectivity is poor end image and harmonic 
responses to strong signals are prevalent. The large nunm- 
ber of responses caused by the ship's own radars and those 
of nearby ships exasperates many an operator and reduces 
the efficiency of the intercept watch. Wave Traps have 
been designea end inserted in the antenna input line. 
Although they have been of assistance in determining 
whether a signai was true or false, they leave much to 
be desired in actual performance. It is possible that 
each wave trap might be geured by means of cams to its 
corresponding tuning unit and that « simple switch might 
be employed to cut the wave trap in or out of the antenna 
input line. 


B. It is recommended that, for shipboard 
installation, the receiver and accompanying pulse analy- 
zer, panoramic adaptor, and wave traps be integrated into 
one cabinet in such a way as to provide free access to 
component parts for ease of repair and maintenance. At 
the preseni time, connecting coaxial cables are at the 
front of the equipment and are liable to damage by strik- 
ing and bending. It is also recommended that, if practi- 
cable, the tuning unics to be employed with an intercept 
receiver, be inccrporated in the equipment, changing from 
one frequency band to another to be accompiished by means 
of a simple but reliable switching arrangement. 


Cc. Intercept receivers must be designed and 
perfecteac soon which will receive signals ur to the nigh- 
est frecuencies cf our ovm racgars cr of any which we might 


encounter in war with any power. Such equipment snould be 
used during peace time in our ships and aircraft while in 
the vicinity of other countries and in foreign ports, to ~ 
aid in the determination of the trends in the field of 


aL - Kh = 6 





Be 
| 
| 
| 





SECRET 


Tacdar by eee nations and te provice tr.ining for our 
own operator 


a. it is recommended thet a most careful and 
Getceiled stucy of the design of antennas to de used with 
this ecuipment continue, witn a view to obtaining tre very 
best antenna gain consistent with practicable size, weight, 
ruggedness, and complexity. Great consideration must be 
given to the plecement of antennas aboard ships and uir- 
craft to obtain 360 aegree coverage with a minimum number 
of antennes. 


e. Test egvipment should be rroviced to line 
up and to calibrate the intercept receiver and associated 
equipment. Experience kus snown the need for signal 
generators to calibrate rroperly the piug-in tuning units. 
Such calibrutions must be repeateca at vurious intervals, 
especially after replacing cefective vacuum tubes. 


dds RDO. 


ae Tne RDO radar intercept receiver designed 
to replace the AN/SPR-1 was deliwered to the Fleet during 
the latter stuges of the wur. Net many units of this 
type were used in combat operations. The meagre experi- 
ence gained from the use cf the hlO indicates that, al- 
though the receiver is capable of detecting the desired 
transmissions, its lack of selectivity makes it avuite 
difficult to identify properly intercepted signuls. It 
proved troublesome in this respect to even the most ex-~ 
perienced operators. Tne comments on the selectivity of 
th> AN/SPR-1 apply equally well to the RDO. An intercept 
receiver is desired which is surficiently selective to 
make possible immediate and positive discrimination of 
intercepted signals. The motor-driven plug-in units whict: 
are supplied with the nHDO are a helpful addition to tie 
manually tuned units. However, ships do not always have 
28 volts de available for the tuning motor. It has been 
found that the speed at which the units are tuned through 
their range is too fast and that efter constant usage 
the motors become auita noisy. ‘ine driving motor sitta- 


tion should be reviewec with a view toward elimination of 
ali noise whetner in audio or racic frequency beanas. 
db. Previous remarks on plaeing 411 units in 


a single stack or cabinet, and on the gecessity for study 
and redesign of antennas, sil apply to the RDO as well as 
the AN/SPR-1. 
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ON. AN/APR-5 Ax. 
a. The AN/APR-5AX radar intercept receiver 


was designed and procurec on a crash basis to provide 

the fleet with a receiver whose frequency range was above 
that of the AN/SPR-1 to detect enemy radars suspected to 
be in that renge. It is not a satisfactory piece of 
equipment for the future nor for training purposes. Op- 
eration of the receiver is far too compiicated. Due to 
the lack of any preselecticn, our own S-band radars clut- 
ter the receiver with < nyriad of responses. This equip- 
ment is not suitable for the needs of the fleet. 


%. It is suggested that it may be practicable 
tc provide a blanking pulse to be applied to similar in- 
tercept receivers which will shut off the receiver for the 
period during which the ship's own raders of S-band or 
higher frequency are transmitting. 


C.. The APR-5AK possesses a broader band pass 
than the RDO anc, in operating technique, requires that a 
signal be intercented in at least two positions of the 
tuning dial in order to make identification possible. It 
is well understood that the development of a satisfactory 
search receiver covering frequencies above 1000 mcs has 
confronted laboratories with many difficult problems. 
However, until a sufficiently selective receiver with 
sharp band pass to make possible immediate and positive 
identification of intercepted signals is developed, search 
receivers covering the range between 1000 and 6000 should 
be considered as only stop-gap equipments. 


13. SPR-2. 


a. The SPR-2 radar intercept receiver was 
to replace the AN/APR-5AX. Reports indicate that per- 
formance is little, if any, better than that of the AN/ 

APR-5AK. However, relatively few units have been used 
in the Pacific and it is possible that the equipment 
has not been given a fair trial. 


b. It is recommended that development of 
intercept receivers for ranges abeve 1000 mcs continue 
with special emphasis on improvement of selectivity anc 
Simplicity of operation. 
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PULSE ANALYZERS. 
Lee AN/SPA-1 (AN/APA-6A). 


a. The AN/SPA~-l pulse analyzer haus given 
satisfactory performance under all battle conditions. 
While not capable of producing absolutely accurate measu- 
rements of PRF's and pulse widths, nevertheless results 
were usually good enough to permit radar identification 
by experienced operators. The great difficulty was ex- 
perienced when two or more radar signals were passed by 
the companion receiver, the AN/SPR-1 or the RDO. fThis 
criticism applies to the selectivity of the receiver end 
not to the materiel performance of the pulse analyzer. 
This AN/SPA-1 measures PRF's with an accuracy that is 
seldom better than 154 unless the set is constantly cali- 
brated, which cannot be done wnen the equipment is in 
constant use. It is considered that this equipment is 
obsolescent and, as such, should be replaced whenever an 
analyzer capable of accurately measuring PRF's by means 
of a built-in audio oscillator is available. At present 
an audio oscillétor should be part of RALCM installation 
if an SPA-1 is installed. 


Ds It has already been recommended in the 
SPR-1 section that the analyzer be integrated into one 
cabinet with tne intercept receiver and panoramic adaptor. 


14.. RDJ. 


, a. Tne chief advantage of the RDJ pulse ana- 
lyzer is the inclusion of a built-in eucio oscillator for 
providing a more nearly accurate measurement of the PHF 
of the intercepted radar signals. 


Bs Comment on the success of the RDJ and its 
operation at sea is very limited cue to arrival and instal- 
lation of only a very small number of such units this far 
in the Pacific Fleet. It is considered that the use of a 
5" scope instezed of the 3" scope in the clder AaN/SPA-l is 
@n improvement worthy of mention in addition to the built 
in audio oscillator. 


PANORAMIC »DAPTOHS. 





16. RUK. 


s the first panoramic adaptor 
i 


DK we 
nad it eided in filling a very great 
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need for an equipment to furthcr analyze intercepted 
radar SPAS to place J mia ng signals exactly on the 
frequency of the victim racer's frequency, to discover 
off-frequency jamming, to discover any shift in the Freaq- 
uency of the victim's radar. 


De The main objection to the RDK was the 
narrow frequency band widtn presented on the CRT, 3 mcs. 
This was too smell and, had the enemy been able to shift 
his radar frequency quickly, the RDK would not have been 
satisfactory. 

@. It is recommended that all RDK's be re- 
hl from ships of the fleet and they be replaced by the 
RDP. 


7s REB. 


a. The REB paroramic adaptor is superior to 
the RDK in that it provices a wider frequency presentation 
of the spectrum selected by its companion receiver. 


Bs The REB has been quite difficult to align. 
“Misalignment hes resulted in enly a fair performance, due 
to non-linearity of response 


@s It is recomnended that the REB be retained 
until a satisfectory panoramic adaptor can be procured. 
An adaptor witn a 10 mc presentation is desired, but sin- 
plicity of design and construction is essential. Equip- 
ment delivered to the fleet must be capable of servicing 
by technicians of averege ability. 


18. ADP. 


a. The RDP is the latest panoramic adaptor 
and is scheduled to replece the ADK and REB types. Very 
few KDP's have been used in action. It is considered 
that the. 10 me bandwidth presentation will propbubly be 
satisfactory for fleet use. 


rst RDPts were used, they were 
t appecrs to have been recti- 
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and in some cases it has been found impossible to get 
rid of the humps in the response curve. 


Cs A&A further study of the design of the RDP 
should be made with a view to simplifying the process of 
its alignment and to providing means of vastly improving 
the permanency of alignment of the set. It is possible 
that performance may have to be sacrificed slightly in 
order to get equipment which can be maintained at an 
operating peak more easily. 


DIRECTION FINDING EQUIPMENT. 


19. CXGA. 





a. The CXGA has been used very little by the 
fleet. The principal objection to the CXGA was its limi- 
ted frequency range. This equipment is obsolete. 


20. DBM-1. 


a. The DBM-1l radar direction finder has not 
proved entirely satisfactory. The lack of selectivity 
of the various receivers produces a large number of spur- 
ious responses caused by the ship's own and nearby radars. 
The low frequency antenna has very low sensitivity in the 
range from 90-250 mcs. This was very unfortunate because 
the majority of the Japanese radars lay within this freq- 
uency range. The physical size of the low frequency spin- 
ner antenna is limited by the problems of size and weight 
aboard ship and is one of the causes of poor perfcrmance. 
Some success in direction finding below 250 mcs has heen 
obtained by use of the rotating TDY antennas. It is 
possible that with a more directional low frequency TDY 
antenna it may not be recessary to have a separate radar 
direction finder as suck, capable of taking accurate 
bearings below 250 mcs. 


Sew) ) 
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Ds There has been difficulty with own ship's 
gunfire piercing the radomes. Greater care should be 
*» given to the placement of antennas, nut only to keep 
mee them clear of the arc of gunfire of own guns, but also 
m= to give each antenna a reletively unobstructed v 
through 360 degrees of azimuth in order to reduce a mini- 
mum bearing errors due to reflection. 


ey 


Be It is recommended that research continue 
to develep antennas for direction finding which will hzve 
Breater antenna gain, greater accuracy, and more reliability. 
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RADAR JANMING EQUIPMENT. 
Zia General, 
a. Powerful shipboard jamming equipment 


is needed to cover the entire range of radar. For the 
next few years, procurement should be limited to those 
units necessary for experimentation, further development, 
and fleet training. Size and weight of shipboard radar 
jammers must be kept to a minimum, but high power output 
is essential for successful jamming. Most shipboard 
jammers now available heve inadequate power. 


Rs Airborne radar jammers need further dev- 
elopment. The major requirements are: (1) ease of opera- 
tion, (2) reliability, (3) minimum weight and space, and 
(4) maximum power output. Frequency coverege of such 
jammers should keep pace with that of shipboard jammers 
in so far as practicable. 

Rane 


4 
AN/SPT-1 (AN Series. 





a. This series of radar jamming transmitters 
were airborne equipments, modified later for shipboard 
use. 


Be All had relatively low power output, but 
they were the only available radar jammers when they were 
delivered. Some were unreliable in operation and others 
were difficult to tune to the proper frequency. For ship- 
board use, all ere considered obsolete and should be re- 
moved from ships of the fleet with the exception of the 
AN/SPT-1 and AN/ARG-8. The latter two should be retained 
on board ship since there are no replacements for them 
as yet in the greater part of their frequency ranges, 
which are 90-210 mcs and 25-105 mcs respectively. It is 
recommended that for aircraft, more efficient and easier- 
to-tune radar jamming transmitters be developed. 


23 TOY, Tlo-i, TDY-la. 
: _—— 

a The TDY redar jamming transmitter wes 
intended to be the ultimate equipment for racar jammii 

D. The criginal frequency range cf the TDY 
was from 350-770 mcs and was of little use to the Pacific 
Fleet against the Japanese. However, when mugnetrons were 
Gelivered to the fleet which went as low as 120 mes, the 
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TDY-1, as it was then named, became an important equip- 
ment for radar countermeasures: for providing relatively 
strong signals to jam enemy radars, to give jamming 
signals for the AJ training of our own radar operators, 
and for radar direction finding, because it was found 
that the low freauency rotating TDY-1 antennas gave good 
bearings when used in conjunction with the AN/SPR-1 and 
RDO. 


es A number of difficulties with the Tby-la 
have been experienced in the fleet. Too much time is 
expended changing oscillator units when the order is Sere 
to change the jamning frequency. For sucess of radar jam 
ming operations, it must be possible to snift frequency 
quickly, which is not now the case. At present it takes 
about 45 minutes to shift jamming from the 10 mc band to 
the 120-7700 mc bend. A standard modification is required 
so that the least possible tine is peaniaye for a change 
over. Coaxial connectors become loose, allowing dirt «and 
salt spray to enter the connector. This trouble has been 
experienced with the coaxial connectors to the receiving 
antennas and the need for some type of moisture-proof 
covering for the connectors has been cemonstrated for all 
eonnectors exnosed to the weatner. 


Gs The physical location of the TDY antennes 
has not been satisfactory. It has been necessary to em- 
ploy duplicate antennas on ships in order to obtain 360 
degree coverege. The 10 cm antennas have not been of 
sufficiently rugged construction and some have been broken 
due to shock of gunfire. It is consicered that a smaller, 
lignter-weignht antenna can be developed which will allow 
the antenna to be moved up higher. -The present locations 
of most of the FaDCai antennas are too low, yet there must 
be access to them for te of inspection and mainte- 


nance. ransmittcing entenmnas should be m:de more direc- 
tionel, not only to provice a ie ectey antenna gain, but 
to avoid causing interference £2. our ovn radars and VHF/ 


UHF radio channels. If Girectione« trensmitting antennus 
sre used for j-_mming, they must -.e controllable or multi- 
ple installations must be provided, with different cirec- 
tionel characteristics. 


idered tnt tns size and i 

DE recuced, but this must not be 

the power output. The power out- 
later equipments should be in- 
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fe It is recommended that future develop- 
ment attempt to decrease the size end weight of trans- 
mitter and antennas, to increase the directivity of the 
TDY antennas as that of direction finding antennas is 
increased, and to simplify the shifting of frequency. 
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BB and OBS Radar Allowances 


Section B 


a. Many improveuients are very desirable in 
both search and fire control radar types and cheracter- 
istics for the newer battleships which will be retained 
in active service, although the allowed number of radars 
for each is generally satisfactory as listed in the 
Radio Type allowance Booklet H#w114 100. As a basic 
principle it is considered that BB's need a nuwuber of 
radars for different primary purposes, capable of limited 
use for otaer purposes when casualty requires. The prin- 
ciple of developing one radar to perform all functions 
is not sound unle’ss several such radars are available on 
each ship. aA fast BB is so dependent on Radar that it 
cannot afford to depend on a single radar and should have 
many alternates or speres for each function. For the 
OBB's, the specified allowance of RELIA 100 is considered 
adequate until the ships are placed out of commission. 


Re The latest type of long range search 
radar is considered as important for fast BB's as it is 
for CV's. The latest type SR with improved antenna 
should be installed as soon as available. Further in- 
provements should be added as they become available. 
There is more need in BB for a zenith search radar than 
there is for a second, medium range, air search. The 
best type of zenith search redar should be installed in 
all suips as soon as available. 


_ All BB's need two surface search radars: 
a long range search; and a medium range search and station 
keeping set that can ect as a standby in case of failure 
to the long range equipment. a third surface radar with 
very short range and good resolution is desirable for 
accurate station keeping and close work. 


be fn intercept reder of the SP type is 
very desirable on fest BB's, Depending on the numbel 
of SP radars available and estimated production of Sk, 
it may be advisable to install SP in those fast BB's 
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which do not already have it. If a radar superior to 
SF, such as SX, will be available for 3B within ap- 
proximately 1 year, the installation of SP in BB seems 
unwarranted and SX shouid be installed instead. 


S. The Mark 13 main battery fire control 
radar should replace the Mark 8 on all BB in active 
service. The superiority of Mark 13 and the value of 
having two of the sase systems in each suip makes the 
expense thoroughly justified in this Boards opinion, 


6. The Mark 25 should replace the Mark 12 - 
Mark 22 combinations as soon es available. There is a 
real need for improvement in all AA fire control radars 
as soon as practicable. The general principle of one 
radar system for each separate director system seems 
sound. Where each mount has a director system, a radar 
and IFF system should be a part thereof. 


Vs all fast 3B should have the most im- 
proved "X" band radar of the Mark 29 or Mark 34 type or 
better for heavy machine gun control. 


Se jost ships feel there is a need fora 
gunnery officers information and standby radar in the 
F.C. tower. The ilark 27 is the best now available for 
this. This Board considers an improved type with vari- 
able beam width would be more satisfactory for locating 
targets and obtaining data thereon, and could also be 
used as a standby when high leve] directors and radars 
become knocked out. This Board believes remote PPI 
adapter units are desirable for Mark 27 radars.” 


9. There is a need for a remote PFI of the 
VF type in both main and secondary battery plots. It is 
recommended that such installations be made as soon as 
ee A&A system of close and preferably automatic 
oordinaticn of search end fire control redars in target 
acquisition is very desirable. Present use of sound-power 
telephone for this purpose is inadequate. 


AAD 4 The instélletion of recdar switchboards in 
Cic is not recommended for ships alreecy built uniess 
they are given @ mejor modernization overhaul. The system 
has merit and should be used in new construction, 
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- Oe Cincpac concurs in replacing Mark 12 and 22 radars by 
Mark 25 radar in the liark 37 director. However, the Mark 37 director 
can be improved and it is considered that an integrally designed 
director end radar systen capable of high speed tracking is needed, 
When a new director and radar systen becazes available, Mark 25 radar 
may become cbsolete. It is understood that the Gun Director Mark 56 
with integral Radar Mark 35 shows much pramise. 


SECRET 


ii, Opinion is unanimous that each search 
and fire control radar should have I¥F as an integral 
part thereof. 


12. It is recommended that each active BB, 
both 80% and 30% complement, have a complete allowance 
of the latest type of RCM equipment. 


23s There is a need for VF remote FPI's in 
Flag Plots and conning towers. One VF, or possibly one 
VK or PPI is desirable in the Chart House. 
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Part iit, 

Section C, 


Cruiser Allowances, 


ks The present allowance of radar and counter- 
measures equipment for cruisers as given in the Radar Type 
Allowance Booklet RE114100 is cousidered reasonably ade~ 
Quate for all cruiser classes, both active and reserve, for 
the immediate future except for the need of an efficient 
zenith search radar. 


20 For the near future, for cruisers of the 
active fleet, it is considered that the present equipment 
should be replaced by newly developed equipment such as a 
late model higher frequency SG (8 cm.) surfece search 
radar, a late model SR air search radar such eas the SR-3, 
and a more modsrn fire control radar such as the Mark 13 
and Mark 25. Present equipment on ships of the reserve 
fleet should also be replaced with the above equipment as 
production and overhaul schedules permit. 


36 To meet the needs of the foreseeable future 
it is considered that the allowance for cruisers should in- 
clude the following equipments, meeting the requirements 
set forth in CNO ltr. (Op-25) Serial 001402254 dated 8 
October 1945. 


Be One long renge air search radar. 


bd. One long renge control of interception radar. 
Co A positive IFF system installed on or con- 


nected with each search and fire control radar. 


ae Remote PPI or similar indicators at 6ach 
station where ship control or flag officer's group control 
may be exercised. Automatic dissemination of information 
and an instant complete picture of the tactical situa*ion 
are required. ; 

e. Complete Automatic trecKing fire control 
redars, both anti-aircraft and surface, for all batteries. 
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26 If a new and satisfactory Gur: Director and integral 
radar system becomes available, it should replace the Mark 25 radar 
and Mark 37 director. 
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z. Countermeasures (intercept end jamming) 
equipment as dictated by future needs, 
& 


h. 


One long range surface search redar,. 
One medium range and station keeping sur- 
face search radar, 
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SECRET Part IV 


Internal Organization and Personnel. 


Section A. 


internal Organization of Combatant Ships. 


x. Although this Board is not required to com 
ment on the internal organization of ships, the members have 
encountered so much comment on the pros and cons of certain 
proposals for the reorganization of ship departments that 
the foliowing discussion is submitted as being pertinent to 
post-war planning for CIC and radar development. It is con- 
sidered that provision cf a sound organization for handling 
electronic and CIC matters in our ships is more important 
to the progressive development and utilization of radar and 
redgio equipment then many of the materiel questions. 


Ze Having in mind the shape of things to come 
in the way of new weapons and countermeasures therefore, 
it is considered very important that the question of pro- 
vision of an adequate and improved internal organization 
of cur ships be studied and settled as soon as practicable 
so that new developments can be ia ad incorporated 
in our ships. 


Se Members of this Board have interviewed the 
Captains and appropriate officers of a large number of 
fighting ships. Many of the officers contacted favor sweep- 
ing changes; others favor slight changes; very few favor re- 
tention of the present organization. There are almost as 
many different cpinions as there are officers. However, 

a few salient points re-appear in similar form in all dis- 
cussions, The one point on which almost all officers were 
agreed is the immediate need for some improvement in ship 
internel organization to more efficiently handle the new 
problems imposed by CIC and electronic equipment and by 
the additionel speed and complexity of modern war. 


4. Nost of the Cap — inverviewed had 
epnerentiy made special errangements _oF edjustments of 
their orgenizetion to insure the ia efficient use of their 
eaveileble personnel basec on the inadviduel personelities 
cf their officers. As usual, successful coordination de- 
pended on individual interest and ability rether then on 
details of orgeni ZabLOn. There appears to be, however, 

a certain pattern to most of the arrangements "which were 
made as a matter of loce : expediency. In most cherges 

there appeared to exist ean “operations group" whether it 
was so named cr not. There was almost always, separate 
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2 Cinepac concurs in the desirability of continued study 
of and experiment with the internal organization of ships with a view 
to determining the best working arrangenent to meet modern conditions, 


36 The fact that opinions differ widely indicates that a 
very thorough consideration is necessary before complete reorganize-— 
tion is effected, 
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from the Executive Officer, an experienced officer who 
acted as special assistant to the Captain in the matter 

of obtaining and evaluating combat information. This same 
cfficer usually assisted in planning and carrying out op- 
erations. The Executive Officer was separately placed to 
take over in case of a casuslty, and was so concerned with 
administration, training and housekeeping that he had too 
little time to study and keep track of operations. There 
was always good officer supervision of damage control. 
aboard the aircraft carriers the handling, housekeeping 
and logistics of the aircraft were controlled by one of- 
ficer, often the Assistant Air Officer. The Air Officer, 
sometimes called the Air Yperaticns Officer, devoted his 
time to planning and executing the airborne operations of 
the aircraft as distinct from shipboard landing, taking 
off, reloading, refueling, repair, etc. The CIC's of 

the carriers were of necessity closely allied with the air 
department. There was a strong feeling on the part of 
staff officers and Captains that CIC should be accessable 
to senior officers and that it should be located in the 
island if possible. CIC was often used to transmit mes- 
Sages and for other cperational functions. On one ship 
some of the CIC JO's hung a “Western Union" sign over the 
door, Almost all senior officers appeared to feel that 
the average CIC tends to soak up information but does not 
give out necessary information without prodding. 


De In official correspondence, ComAirPac has 
made certain recommendations, which are concterred by most 
of the carrier officers interviewed, in that the air depart- 
ment is the defacto operations department in carriers and 
that the gunnery department should be under this operations 
department (or operations group) because of the special 
problem requiring a rapid shift from fighter protection 
to gunfire protection in defending carrier groups. it has 
been suggested that the operations group or department of 
& carrier should include the navigation department, air 
department, gunnery department, communication department, 
and the CIC department or division. It is noted that even 
the opponents of the operational department in carriers 
appear tc group certain departments into en operetions 
eroup in battle elthough they administer each aepertmens 
separately. One cf the basic difficulties of present or- 
genizations appears to be that the duties of the Executive 
Officer of a large ship, according to Navy Regulations, 
are so extensive that it is difficult and often impossibie 
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he The shortcomings of the average CIC are appreciated. 
A great portion of CIC officers during the recent war simply had not 
had sufficient time to accumulate the experience so necessary to 
complete understanding cf tactical problems. This hed te be accepted 
because officers of the requisite background often were needed in 
other assignments, In the future, it should be practicable to train 
and provide more experienced CIC officers. 


5. Battle organization does not necessarily have to 
parallel administrative organization. Exercise of the functions of 
the Executive Officer does not necessarily imply the carrying out of 
all the details of administration. The entire ships company ere 
subject to his orders and he should have the assistance of other of- 
ficers. A poor Executive frequently is snowed under by details; a 
good one rises above them, utilizing the services of such assisting 

fficers as necessary to permit him to keep abreast of the operational 
situation so that he will be ready in any energency to teke over the 
command should the Commanding Officer become incapacitated. No 
organization afloat is recanmended which relegetes the Executive 
Officer te purely administretive functions. There sees to be a ten~ 
Gency in tis direction in some of the “operation depertimenis" pro- 
posed recently. 


eet 6 em es 


8 eee ee ergot ee oe oss 


ne#ss i? 


SECRET 


for any one officer to fully exercise all the functions 
which are now expected of the Executive Officer. Admin- 
istration problems occupy the Executive Officer so com- 
pletely that he is unable during war time to coordinate 
the operational duties and activities of the various de- 
partments and can give little or no personal time to the 
functioning of CIC unless he delegates most.of his duties 
to some other experienced officer. 


6. The opinions on battleship and cruiser or- 
ganizations are varied. The Captains interviewed did not 
fesi the need of an operstions department as strongly as in 
vhe carriers. Since the primary weapon of these ships is 
their gunfire, it is natural that CIC has become closely 
allied with the gunnery department. Prior to the war these 
Ships had the nucleus of the CIC in the old central station- 
plotting room combination. Although many ships appear quite 
Satisfied to have CIC a part of the gunnery department, 
others were enthusiestic over the possibilities of an op- 
erations department which would include navigation, cre 
and communf cations. An official letter by ComCruDesPac 
concurs in the CNO preposal to establish en operations de- 
partment. The need to treat communications es a separate 
department and have the communication office a head of 
department was concurred in by almost all officers in the 
absence of an operations department. Many officers felt 
that establishment of CIC and look-out divisions as a 
Sseperete CIC department on a level with the gunnery and 
communications department was the best improvement which 
could be made and the simplest change. The CIC officer 
could then be assistant to the Captain for operational 
planning. 


Vs Certain ships already have an experimental 
operations department which include communications, navi- 
gation and CIC, Without exception the official retorts 
from these ships indicete that the scheme has worked well 
and has definite value in combat. 


Gy The question of how to handle electronics 
maéintenence under the verious orranizetions was discussed. 
With the tremendous increase in electronics equipment on 


all Ships curing the war it has been bageenary to have 4 
large group of cfficers and men on almost all ships who 

are concerned solely with the technical operation and main- 
tenance of electronics equipment. Radio maintenance has 
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Gs It is understood that directives from the Navy 
Department may be expected in the near future to give the Communica- 
tion Officer the status cf a head of department. Cincpac has pre~ 
viously expressed concurrence in this decision in Cincpac Serial 
8840 of 30 August, 1945, end in Cincpac dispatches 012048 and 060350 
of Octe, 1945. This step is deemed essential regardless of any 
future reorganization tending to form a so-called Operations Depart- 
ment. 


Te %~ is considered thet the board has read into the 
reports a unenimity of approval which is open to question. The 
reports have indicated that such a department will operate satisfac- 
torily, but heve not established superiority over the conventional 
organization. 
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occasionally been separated from radar maintenance but . 
often they have been combined under an electronic main- 
tenance group with considerable success. Separation of 
the two usually resulted in lack of coordination and oc- 
caSional rivalry. It is the opinion of this Board that 
each ship should have an electronics maintenance group 
responsible for the repair and upkeep of all electronics 
equipment in the ship. This group should be responsible 
for preventative maintenance in order to insure the optimum 
readiness and reliability of electronics equipment at all 
times. This technical group should vary in size with the 
type of ship and might well be a separate division, some- 
whet Similar to the present E division, on large ships. 
The electronics division might well come under the CIC 

or communication department or, better still, under the 
operations department where such a department exists. 

The cognizance of some IC systems and announcing systems 
which are primarily electronics equipment should be traens- 
ferred from the E division to the electronics division 

in order to insure adequate maintenance by trained per- 
sonnel. 


9. This Board recommends that final decision 
for or against the establishment of an operations depart- 
ment be not made at this time. The Board does recommend 
that the need for improvement in internal organization be 
recognized and that the matter be kept open and restudied 
by appropriate agencies with a view to the issuance of 
appropriate directives on organizational improvement by 
CNO. Mest of the senior officers interviewed on these 
matters agree that, since opinions are so varied, it will 
be necessary for CNO to make arbitrary decisions on or- 
ganization changes and give them service trials prior to 


final decisions. 
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8. Cincpac concurs in the desirability of having a single 
organized group of electronics maintenance personnel responsible for 
the care, repair, and adjustment of all electronic equiprent. 


9. Cincpac serial 05378 of 16 March 1945 cammented on the 
question of creation of én operations department in ships of the Navy 
giving in some detail reasons for not establishing the operetiors de- 
partment. Cincpac serial 07266 of 9 September 1945 and serial 033712 
of 26 October 1945 confirm the reasons and reiterate the opinion ex- 
pressed. 


It is again stated here that Cincpac does not recommend 
an operations department at this time but agrees with the boars in 
considering the problez of ships internal crganization an important one 
deserving further study and exveriment. 
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Part VI. 


Bibliography. 


General and Policy. 


1. ComBetRon Two conf. ltr. FCl-2/A22, serial 0546 dated. 
23 October 1945. 
Subject: Compiled References for Survey Conducted by 
Radar and Countermeasures Board. 
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— 


2. Com3rdaFlt conf. ltr. S67/(20) serial 0597 dated 15 
Octsber 1945, 
Subject: Electronic Equipments, comment concerning. 


3. ComAirPac restr. ltr. FF12-5/S67/(586-Ce) serial 21460 
dated 13 October 1945, 
Subject: Electronic Equipment - Sets of equipment spares 
- Reduction in number carried aboard ship. 


4. CNO ltr. (Op-25) serial 001402254 of 8 October 1945. 
Subject: Radar and CIC - Long range development for Air 
problen. 


5. Com3rdFlt A6/(20) serial RE-027 dated 6 October 1945. 
Subject; Communications, Observations, Comments and 
Recommendations concerning. 


6. ComAirPac restr. ltr. FF12-5/F42-1(1)/F42-1/(541-Cy) 
serial 20681 dated 3 October 1945. 


7, CAP ltr. FF12-5/F42-1(1)/F42-1/54-CY) serial 20578. dated 
1 October 1945, 
Subject; Airborne Electronic Equipment - Requirement for 
spare parts for. 


8. ComPhibsPec conf. ltr. serial 02361 dated 22 September 
1945. 
Subject: Demobilization and Consolidation of Amphibious 
Forces, Interim Plan. 


9. ComPhibsPec conf. S/L CAF/SL serial 02359 deted 21 
S Spe enune 1¢45. 
Subject: (None given). 


10. CO, USS BUNKERHILL conf. itr. CV17/A65 serial 0367 dated 
14° September 1945, 
Py Subject: Radio Radar and RCM Equipment aboard this ship - 
information regarding. 
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ll. ComServPac conf. ltr. FM/C-S67/(70-9¢ rial 
dated 11 September 1945, V Sasa, gears 
Subject: Electronics Equipment - Obsolete, 


12. CNO conf. ltr. Op-25-C/A5/mmr serial 0197125cC(s ~~ 
dated 31 August 1945. ear 
Subject: Shipboard Search and Detection Regar - Recuire- 

ments for Post-war Fleet, 


135. ComBatRonTwWO conf. ltr. serial 0427, dated 25 surest 
1945. 1st End. by ComServPac BB/C-S67/(70-98) seriai 
06568 dated 11 October 1945. 

Subject: Design Problems, Vibration, etc. 


14. CNO restr. ltr. Op-25-A4/aw serial 41525A8-835 dated 

21 August 1945. 

Subject: Adoption of Use of Signal Corps Manual of 
Standard Descriptions in Nomenclature Assign- 
ment end Stock Numberinf of Electronic Equip- 
ment in the Navy. 


15. CominCh conf. ltr. FF1/S67 serial 02438 dated 16 Aucust 
1945. 
Subject: Electronic Equipment Requirement for Post-war 
Fleet. 


16, CinCPac conf. ltr. S67 serial 0311 73 dated 19 July 1945. 
Subject: Eyectronic Installation in Ships. 


17. USS MISSOURI conf. ltr. BB63/A3-1 serial 086 Gated 9 May 
1945 with lst End. ComBatDiv 9 serial 042 dated 9 May 
1945. 2nd End. ComBatRon 2 serial 0522 dated 3 October 
1945. 


18. Secret chart: Planning Organization of the Post-war 
Naval Forces of the United Stetes dated 1 May 1945. 


19. Shipboard Search Radar Program, April 1945 - Prepared 
by Code 915 Electronics Division BuShips in Compliance 
with CNO Op-25-A5 serial 0076525A deted 31 Merch 1945, 
Electronics Division Directive No. 4656. 


Surface Search Radar, 


20. ComBatRonTWO conf. ltr. FC1-2/S67-5 serial 0529 dated 6 
October 1945 with Enc. (A), CO USS IOWA conf. ltr. BEG1/ 
S67 serial 0157 dated 9 September 1945 and 1st-End. thereto. 
Subject: Radar Plen Position Indicator (PPI) Repsater for 
Baettieship Squadron Ti/0. 
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CNO conf. ltr. Op-25-C2/Grm(SC)S67-5/CV, serial 0178225C 

dated 7 September 1945. — 

Subject: Class CV-° Vessels - Removal of Second Air and 
Surface Search Radar. 


CNO conf. ltr. Op-25-C2/mfe(SC) S67-5 serial 055525¢ 

dated 17 March 1945. 

Subject: Radar PPI Repeaters - Installation of inU. S. 
Naval Vessels - Revision of. 


Seerch Radar. 


25. 


256 


26. 


27. 


CNO conf. ltr. Op-25 C2/mijiu over (SC) S67-5/CV serial 

O216925C dated 28 September 1945, 

Subject; Radar - Installation of Model SX in New Con- 
struction Carriers. 


CO USS CATFISH (SS339) conf. ltr. 5S339/S67-5 serial 017 
dated 25 September 1945. 
Subject: SV Radar, Service Operation Performance of, 


CNO conf. ltr. serial 0197425C dated 25 August 1945. 
Subject: SP Radar for new construction, for CVE's. 


CNO conf. ltr. Op-25-C2/Grm(SC) S67-5/CV serial 0170925¢C 
dated 21 August 1945. 
Subject: SX Radar, CV-9 Class. 


CNO conf. ltr. Op-25-C2/emv over (SC) S67-5 serial 
072525C dated 13 April 1945. 
Subject: Overhead Search Radar for Large Combatant Ships. 


Airborne Search and Intercept Rader. 


28. 


30. 


ComAirPac conf. ltr. Al6-3(6)NRB/jes serial 06889 dated 

13 October 1945. 

Subject: Brief of action report USS BELLEU WOOD 2 July 
coc 15 August 1945. 


Commander Air Support Control Unit Pacific Fleet Top 
Secret ltr. CASU/A16 serial 00038 dated 6 October 1945 
with ComPhibsPec Ist End. seriel 000367 detec 15 October 
1gé5. 


Subject: Airborne RedGar Pickets. 


CinCFac Pearl Top Secret Dispatch 162057 August 1945. 
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Battleship Radar Allowences 


The following letters on the subject of Radar and 
countermeasures equipment from the CO, USS ALABAMA have 
been considered by this toard in making recommendations 
for radar and countermeasures equipment and allowances 
for battleships. 


fe 
Ds 
e. 
d. 
e. 
Te 
g- 
h. 
i. 
ds 
k. 
1. 


Me 


CO ALA. j 


1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 
CO ALA. 
1945. 


Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 
Serial 


Serial 


VI- 7 


C401 dated 
0373 
0269 


dated 
dated 
O2L2 dated 
O241 dated 
0240 dated 
0237 


0212 


dated 
dated 
0211 
0199 
0116 


dated 
dated 


dated 


15 August 
26 July 
19 June 

1 June 

1 June 

27 May 

29 May 

7 May 

1 Ney 

24 April 
1 October 


716 dated 28 August 


620 dated 25 July 
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77. ComCru-DesPac Conf. ltr. S65-7 serial 0646 dated 10 
December 1944, 
Subject: Coordination of Operational Functions of CIC 
on board Combatant ships. 


78. Cominch conf. ltr. FF1/S67-5 serial 03765 dated 8 
November 1944, 
Subject: Coordination of Operational Functions of CIC 

on board Combatant Ships. 

Books, Famphlets, Periodicals. 

79, U.S. Radar Survey Section Nos. 1 through 7, Published 
by the Authority of the Joint Communications Board of 
the Joint Chiefs of Staff, December 15, 1944. 


80. CIC Magazine October 1944 to October 1945. 
81. ComCruDesPec Suggested Revision to RAD-SIX. 


82. Radio Type Allowence Booklet RE11A 100 Revision 
No. 11, dated 1 August 1945. 


